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PREFACE 

. To. enable the beginner in the qualitative laboratory to 
deal with chemical change in the light of present studies of 
WATER SOLUTION and of mass action has been the main 
purpose in preparing this edition. With this intent the 
little book has been written anew throughout. It was first 
published by one of the authors in 1879, and designed then 
as now for classes taking a short course in qualitative 
practice. 

In this edition, as in the one first issued, the object is 
not so much analysis as it is chemistry; not detective method 
for its own sake so much as it is a personal acquaintance 
with the character of the chemical elements and with the 
nature of chemical change. A suitable course in qualitative 
chemistry is found to be a favorable avenue by which to- 
approach the vantage grounds of the science. 

An outline of the Periodic System, or of some part of it, 
is kept in view of the student while he is led to trace the 
gradation in the reactions of the several elements, and 
thereby to define the diflFerent analytical groups. 

Some care has been bestowed, in this edition, as in that 
of 1879, upon statements of the composition of articles in 
use in daily life under current popular names. This is done 
in connection with analytical work bearing directly upon 
the articles so designated, and providing for their analysis. 
The qualitative student is proverbially curious as to the 
composition of materials in common use and this interest is 
available in laboratory teaching. 



Ann Arbor. January, 1902. 



INTRODUCTORY 

1. A study of qnalitative ohemistry is a study of the indi- 
yidual components of matter, especially as to their deport- 
ment toward one another. Any portion of matter, whether 
solid, liquid or gaseous, amorphous, crystalline or cellular, 
is made up of one or more distinct substances. Thu6 a 
handful of iron filings may contain iron and two different 
oxides of iron, each of these being a distinct substance, a 
kind of matter which has the same properties wherever found. 
Such distinct substances or chemical individuals are either 
complex or simple, the latter being recognized by the fact 
that when subjected to chemical action their weight either 
is unaffected or increases, indicating that they may combine 
with other substances but cannot be split up into less com- 
plex constituents. These elements, as they are called, are 
some seventy in number, and all matter is found to be made 
up of them and of their combinations in certain fixed pro- 
portions, definite and unchanging for each compound. 

2. Equivalent Weights. — Investigation of the quantities 
so uniting has brought to light such facts as the following: 
1.01 grams hydrogen combine with 8.00 grams oxygen ; 

1.01 grams hydrogen combine with 3.00 grams carbon; 
1.01 grams hydrogen combine with 35.45 grams chlorine; 
1.01 grams hydrogen combine with 16.00 grams sulphur. 

The tendency of 1.01 grams hydrogen to combine is met 
by the tendency of 8.00 grams oxygen, or 3.00 grams carbon, 
or 35.45 grams chlorine, or 16.00 grams sulphur to combine. 
Each of the quantities in the column at the right is equal in 
combining capacity to 1.01 grams hydrogen; and it is found 
that they are also equal among themselves in combining 
capacity, 3.00 grams carbon uniting with 8.00 grams oxygen, 
or 36.45 grams chlorine, or 16.00 grams sulphur, and so on. 



simple multiples. The eciiiivalent weigl 
then, is that quantity capable of coml 
replacing from its compounds a fixed q\ 
element chosen as the unit. 

3. Valence. — The atomic theory assume 
expression or picture of the laws of coml 
ence of indivisible particles of matter 1 
weight for each substance. Certain lines o 
cannot be taken up here give methods foi 
relative weights of these hypothetical si 
These are for the elements the atomic weig 
weight is the equivalent weight or its simj 
multiple being known as the valence. Tl 
element then shows the number of equivalen 
in grams) of other substance with which th 
(taken in grams) of the element can combii 
is thus a measure of the combining capacity 
ties of the elements which are proportional 
weights. If the valence of an element is 
weight is three times its equivalent weight 
weight taken in grams is capable of union 
the equivalent weight of any other element 
If the valence of this second element is also 
times it« r»m-ii""i - ' 
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4. Cheniioal Notation. — The alphabet of the chemical 
method of writing is made up of certain s3rmbols representing 
the elements. These not only serve as abbreviations for the 
names of the elements, but they are also used to express 
fixed relative quantities. Each symbol represents the atomic 
weight of the element taken in some unit of weight — ^grams, 
ounces or tons indifferently. Two symbols written side by 
side indicate a union of the elements in question, and as 
union takes place in a ratio represented by simple multiples 
of the equivalent and therefore also of the atomic weights, 
we can by multiplying our symbols express in this way the 
quantitative composition of all possible compounds. 

The formula for sodium carbonate, NagCO^ , expresses the 
fact that it is a compound from which sodium, carbon and 
oxygen may be obtained in quantities which are to one an- 
other respectively as twice the atomic weight of sodium, the 
atomic weight of carbon, and three times the atomic weight 
of oxygen, the figure to the right below the line multiplying 
that symbol (or group of symbols enclosed in parenthesis) 
which it immediately follows. Forty-six grams of sodium, 
twelve grams of carbon, and forty-eight grams of oxygen 
will therefore give 106 grams of sodium carbonate, and the 
composition per cent is: 43.4 sodium, 11.3 carbon, 45.3 
oxygen. 

6. The Equation. — The chemical equation indicates the 
formation of certain products from certain reacting sub- 
stances. It shows the relative quantities uniting with one 
another and resulting from the change. 

CaO + 2HC1 = CaCl, + H^O 

40 + 16 2(1 + 35.5) 40 + 2x85.5 2x1 + 16 

Calcium oxido with hydrochloric acid forms calcium 
chloride and water. 

Pb(N03)2 + H^S = PbS + 2HNO3 

206 + 2(14 + 3x16) 2x1 + 32 206 + 32 2(1 + 14 + 3x10) 

Lead nitrate with hydrogen sulphide forms lead sulphide 
and nitric acid. 
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The mmiljiT:; refer to weight unitB, as millij;raiiu or* 

pounds. 

A chcmicul filiation csnnot be written without & previoua.l 
IT I vcs ligation of the reaction on tlie part of some one. It iaH 
imi>o?siblc lo pu-ilict the result of bringing two subatancee j 
tivilhiT unless the experiment has already been performed. 
Aniihigy of to-.irse fumiflhes a ctcw in many cbscb, but there ] 
is always a. pos^^ilnlity of its failing. 

I'requpntly llir products of a reaction may, under suitable ■! 
conditions, act upon one another to form again the sub- J 
EtartL-cs originally taken. Such reversible reactions are Bome>j 
times indicated thus: 

BaCL + H,904 ^ BaSO^ + 8HC1 
Ba(l, + H,SO,Z Ba80,4-2HC1 
Renponin;; indicates (hat all reactions are reversible, but in 
niiiriy <-;isos tlif rcversihilily lias not yet been shown. 

6. Salts, Acids and Bases. — Inorganic bodies (those no! 
related in eoiji]iosiuo(i Id ihe complex nialerial of organized 
life) were early recognized io fjijj inio tlii'ce fj;vcat cla-^scs. 
Those of one class, when dissolved in water, Jiad a sour (aste. 
were corrosive in their action on orpinic and niincrii! sub- 
stances, iiri<t had a chanieleristic clfeet on certain vegetable 
coloring matters. The bodies of the secnn.l class, in water 
sohiticm, had an niiiileasant lii>te, gave the skin a slippery, 
"so;i|)y- feel, and airo<'ted vegetahh- cohiriiig matter in "a 
manner pcenliar to tbenisehes, ditferent froin the action of 
the members of the (irst class. If the bodies of the first 
class v-,Te ljrou-;ht into contact with those of the second, 
carli lost its pccnliar properties iind there resulted the siib- 
>i;ni,rs of the third class: these wn-e by far the most 
nimicL-oiis. were rather neutral in eharui'ter. and usually had 
in water solution a sally taste The (ir^l ela^- lias receive.! 
the name acids: the second, alkalis or hases: Ihe third, sail*. 
Analysis slm«<.d iln^ acids tn h,. |.ompoiiiuN ..f hvdrn-.'ii 
with negative (non-iMot^illic) elenLcnls or -iouiw, ^u.^ 1m<-^ to 
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contain oxygen, or oxygen and hydrogen, united to a positive 
(metallic) element or group of elements, the terms positive 
and negative being used simply to indicate contrast in chem- 
ical behavior. Further investigation showed the acids to 
owe their characteristic properties to the hydrogen ion 
(see §20) and the bases theirs to the hydroxyl ion. The 
acidity of a solution is in proportion to the concentration 
of the hydrogen ions which it contains, and its basicity to 
the concentration of its hydroxyl ions. Salts contain both 
the positive and the negative constituent, part or all of the 
hydrogen of the acid (the hydrogen ions) and of the oxygen 
and hydrogen of the base (the hydroxyl ions) having sepa- 
rated as water. The part of the acid going into the salt is 
called the acid radical; that portion of the base found in 
the salt is correspondingly the basic radical. 

The formation of a salt may be regarded as the substitu- 
tion of the hydrogen of an acid by an equivalent quantity of 
metal. It may also be regarded as the substitution of the 
oxygen, or oxygen and hydrogen, of a base by a non-metal 
or non-metallic group. 

An acid is mono-, di-, or tribasic, according as its formula 
is written with one, two or three equivalents of replaceable 
hydrogen. The number of hydrogen equivalents with which 
the acid radical is so combined gives of course the valence 
of the acid radical. 

A normal or neutral salt is one in which the replaceable 
hydrogen of an acid has been exactly substituted by metal. 
In an acid salt but part of the acid hydrogen has been re- 
placed by metal, while a basic salt is one in which the ratio 
of base to acid is greater than in a normal salt. But a normal 
or so-called neutral salt may have acid or alkaline reaction 
when dissolved in water; in fact, acid salts are sometimes 
alkaline and basic salts sometimes acid in their reaction to 
indicators. This depends upon the presence of hydrogen or 
hydroxyl ions and will be discussed under hydrolysis. 
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r The anhydride of an oxyacid may be 
acid by removal of water; in most cases 
obtained from its anhydride by addition 
the anhydride of HjSO^; CO, is the anl 
P2O5 is the anhvdridp of tt Pn /r> .x ■ 
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▼alence. See §3.) The chlorine of IICl is monovalent 
(shown in the formula of the acid by its combining with one 
equivalent of hydrogen) and the symbol CI represents its 
equivalent weight as well as its atomic weight. The formula 
NaCl therefore gives us the elements in equivalent quantities 
and indicates the composition of their compound. The sym- 
bol Ba for barium, divalent, stands for twice its equivalent 
weight and the quantity represented by the symbol therefore 
requires for union two equivalent weights of chlorine, and 
the formula for their compound if BaClj . The radical PO4 
of HjPO^ is trivalent, the fcnrmula of the acid showing that 
the radical combines with three equivalent weights of 
hydrogen. The symbol PO4 represents three equivalent 
weights, the symbol Ba two. Equivalence is obtained by 
taking two PO^ (2X3 = 6) and three Ba (3 X 2 = 6), and 
the formula for their compound is written Ba8(P04)2 . 

In the following the valence of the basic constituent is 
indicated by " , of the acid constituent by ' : 

forms with HNO, K'(NO,K 

HjSO^ (K,)--(80,/' 
H.PO^ (K,)— (POJW 

HCl Ca-(C1,K^ 

H,804 Ca-OOj'^ 

H.PO, (Ca,) (PO,)/'^/// 

HCl Bi--(C1,K^^ 

H,80, (Bi.) (80,)/w// 

H,PO, B\"'{FO^y^^ 

The acid radical and basic radical will be equivalent, 
capable of union without leaving an excess of either, when 
the valence of the one is equal to the valence of the other, 
as in the above cases. 

For practice, let the student write the formulas for the 
normal salts formed by each of the following metals with 
each of the following acids : 

Na- HCl 

Mg" H2SO4 

Bi-- HjPO^ 
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potassiam nitrate 
potassium salptiate ■ 
potassiam phospliata 
calcium chloride 
calcium sulphate 
calcium phosphate 
bismuth chloride 
bismuth sulphate 
bismuth phosphate 



--. V..V laciaiiic state, nor that ch 
in common salt by producing chlorine ga 
a reliable and accurate method of analysis 
that analyses originally were made. But 
another course of procedure is equally tri 
more convenient, and this lies in the prod 
elements themselves, but of one or more o 
istic reaction-products. The task of the ai 
siflts in subjecting the substance investigat( 
tions that the element sought will, if pres 
mistakably by the formation of a compound 
or having distinctive solubilities in various i 
favorable conditions are brought about 6 
change in physical conditions, as by applying 
heat or varying the pressure, but more freqi 
ing the unknown body into contact with somi 
substance. This is conveniently, although r\ 
in water solution, as intimate contact is ihv 
in addition, the activity of most substances 
dissolving in water. 

10. Eeas^nts. — Chemicals thus used for 
producing characteristic changes in a mix 
reagents. It is to be noted that reagents 
a peculiar class of chemical comnnnr.^- 



.i.^ 



Intkoductory 17 

of dissolved substance (solute) which are equivalent to one 
another^ that is, equal in combining capacity, are of great 
convenience in qualitative as well as quantitative work, and 
it is advisable to adjust the concentration of reagents by 
some such plan. Where the eqmvalent weight in grams is 
contained in one liter of solution the solution is said to be oi' 
normal strength.* If there is half the equivalent weight in 
grams in a liter the solution is half -normal (^N or N/2); if 
five times the equivalent weight is present in a liter the 
solution is five-normal (oN), and so on. 

The equivalent weight of a neutral salt is that quantity 
which contains the equivalent weight of acid and basic 
radical. For NajCOg a normal solution contains the equiv- 
alent weight (53 grams) in one liter. A half-normal solu- 
tion, made from the normal solution by diluting with an 
equal volume,! or from the five-normal solution by diluting 
with nine volumes of water, contains 26.5 grams Na^COj per 
liter. A half-normal solution of BaClj contains 52 grams 
per liter of the anhydrous salt or 61 grams per liter of the 
crystalline BaCl3,2H20 . Ten cubic centimeters of N/2 
NajCO, (containing 0.265 gram NaaCOg) are just sufficient 
to precipitate ten cubic centimeters of N/2 BaClj (0.520 
gram BaClj), as these are the relative quantities indicated by 
the equation BaCl, + NajCO, = BaCOg + 2NaCl . 

For use in the University of Michigan laboratory, the 
acids and alkalis are made 5N, NajCOg 3N, other reagents 
and side-table solutions for the most part JN. See list of 
reagents, §252. 

12. Hanipulation. — ^TJpon care in the use of reagents will 
depend very largely success or failure in analytical work. 
It must be borne in mind that intelligent thought is fully as 

* The word ** normal '^ is used here in a sense whioh is quite Independent 
of its use in the term ''normal salt.** 

t For strict accuraoy the dilution in the two cases cited would be to twice 
the ori^nal volume and ten times the original volume. The volume of a 
mixture of two liquids is in general not exactly the sum of the original vol- 
umes. 
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V suecessfu! chemist as are test-tubes end 
■ iiulunt is urged to cultivate the habit when 
III' forming a mental picture of all the sub- 
luii solutions and the probable results of 
|(>-t'iher. iu other words, think always! 
nt^ should bv added a little at a time, as a 
rllior change is produced. Not only economy, 
su IS iavored by a sparing use of materials. 
rids or alkali hydroxides to dissolve pre- 



e,-*uiilial lo ll 
funru'U. Tlic 
using (i n-iig.-ii 
wEaiici.'s ill ilir 
briugiiig llii'iu 

Liquid n-agi 
rule luitil uo fi 
but accuracy a 
111 adding cith 

cipitalcs the ii<|ii!ds should be used iu small quantity, so as 
to he as iK'urly .~;itiirated as possible. Applied to a solution, 
they should in uuwi caaea be used in just sufficient quantitjrii 
lo im|)arl acid or nlkaliue reaction respectively, always to bM 
tMled with litjinj... " 

WhiTe a tot di']icnds upon the production of a precipitate, 
the siihitinn c\ainiiied and the rea;rcnt used must be abso- 
lutely clear— ii"l necessarily colnrh'ss, but free from sus- 
|H-nded ]i:irti(l.'s. If they arc not s<.. Ihcy must he filtered, 
WliiTi' doiiht uNists as to whether or not pr('ci|iitiition has 
been jirodnicd. <-.iin[)iire in li-sl-tiihcs with iiti rifiial bulk of 
djstilh-d welter, or h.-llri- ..r the soluiinti tn which ihc reagent 
has not hr<>n a.l.lcd. Any precipitate which the eye can 
di'trct is sullicient evidence of Iht- substance i^ouRht if other 
luiiltcr has h.vn ciivcfnily excluded. Kilter-|.a]><T filwr must 
TLcit ht; mistaken f..r ;i |)rfcipitate. Do uot nc;;tect traces. 
The work is fnr Tuorc salisfiiclory, and on the whole less 
dinicnU. if very sli^rht preeipi talcs .is well as the heavier 
ones are given full iittcnfion. 

.\ solution shonlil, in ^'eneriil, be warmed :\fter addition 
of a ren^'ent, rise of temperature in all cases without exccj>- 
lion hiisti'iiiiiK chcmicid action; il should then be cooled 
beloi-e liltcrin-r. as most ].recipitales nre less soluble cold 
ili:ni hot. The filtrale. if il is to iinder^-o further examina- 
tion, must always be tested as !o (he comi>h>tcncs-i of the 
)>reeiiii(idion by addition of a small .immtity of the prc- 
cipitiitiiig a^cnt and warming. 
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The importance of thorough work with the knovm sub- 
Btanees before attempting analysis of mixtures of unknown 
composition cannot be too strongly emphasized. Never 
malce a test in an unknown without previously having made 
the same test where the substance sought was known to be 
present and again where it was known to be absent. If the 
unknown gives ambiguous results go back to the solution 
known to contain the substance suspected and work the two 
side by side, comparing results. 

It is desirable to know approximately the delicacy of the 
tests used — the least quantity of the substance which can be 
found by their aid. This is ascertained by diluting say one 
cubic centimeter of N/2 solution, measured in the pipette, 
with nine cubic centimeters of water, giving N/20 solution. 
The test is made in a part of this, and if successful one cubic 
centimeter of the dilute solution is mixed with nine cubic 
centimeters of water, giving ten cubic centimeters of N/200 
solution, a part of which is tested as before; the dilution and 
testing are continued until finally a solution is obtained so 
dilute that it fails to give the reaction. 

13. The Analytical Groups. — ^When the components of a 
little-soluble substance are brought together in solution, so 
much of the substance separates out (precipitates) as is in 
excess of the quantity required for a saturated solution. 
(See definition of saturated solution under " Solubility.'*) In 
separation of metals (kathions) or acids (anions) from one 
another, by a suitable selection of reagents certain of them 
may be removed by precipitation and others left in solution. 
Those precipitated together make up an analytical " Group." 
By the successive addition of certain reagents, each time 
completing and removing the precipitate produced, the 
metals are, in systematic analysis, divided into six such 
groups. This division is merely one of convenience, those 
reagents being chosen which give complete precipitation of 
mixtures lending themselves readily to further treatment. 
The six groups, with the reagents to which the grouping is 
due, are: 
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I. Silver (In.up, precipitated by HCh 
SilvLT. A^r■ 
Lca(]. Pir- 
MoiKjviilfnt mercury, Hg' 
11. Tin and Cupper Group, precipitated by H,S in slightly 
utid solution: • 

The Tin Subgroup— 

Ar.-=eiiic'. As*" and As"-'"" 
AntimoTiy, Sb'" and Sb" 
Tin, Sji" and Sn-"' 

The Coiiper Subgroup — 
Divjili'iil mercury, Hg" 
LrL.(l. rir- 
Bii^miilh. Bi--- 
Coppi^r, Cii" 
Ciidinium, Cd"" 

III. Iron Group, prceipitated by NH^OH in preeence of 

Nll.ri: 
Iron, Fe-" 
Aluminum. Al"- 
Chromium. Cr"" 

IV. ?/uu: Croup, precipitated by (NH,),S: 

Cobiilt, Co-- 
Nickel, Ni" 
M.inpinet:(', Mn'" 
Zinc. Zn-- 




V. The .Mkid 



Barium, Ba-- "1 
Stronliuui, Sr'- I 
Od,.i„m.C.- I 



Metalf^: 
prefipitated by (NH,),CO, 
Mi;--, preripitiiled hy Xii.HPO, 
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VI. The Alkali Group, not precipitated: 
Ammonium, NH^' 
Sodium, Na • 
Potassium, K ' 

This grouping, with the valence of each of the metals, 
should he memorized. 

14. Electrolytic Dissociation. — A water solution of hydro- 
chloric acid is found to contain the acid in two different 
forms, one decidedly more active than the other. The active 
form has the power of carrying the electric current, it enters 
readily into chemical action, exchanging its hydrogen or its 
chlorine for other substances, and it exerts twice as great 
osmotic pressure * as the same quantity of hydrochloric acid 
in the inactive form. The inactive form is practically a non- 
conductor of electricity and is perfectly passive chemically, 
having none of the characteristics of rfn acid. Measurement 
of the power of conducting the electric current, of the chem- 
ical activity, or of the osmotic pressure gives the relative 
quantities of active and inactive acid present in any hydro- 
chloric solution. 

These facts are interpreted in the Theory of Electrolytic 
Dissociation by the assumption that in the active acid the 
hydrogen and chlorine are not bound firmly to each other as 
in the inactive acid, but are present in a condition in which 
they are to some extent mutually independent, each being 
capable of carrying electricity, each adding to the osmotic 
pressure as an individual, and each, owing to its independ- 
ence, readily entering into combination or exchange with 
other substances. The hydrogen and chlorine in this state 
are called ions. This is true not only of hydrochloric acid, 
but of all acids, bases and salts in water solution. When wc 
say that a substance is partly dissociated into its ions in 

* The pressure by virtue of which a soluble substance in contact with the 
solvent, as common salt in water, is enabled to rise a^rainst the force of gravity 
and distribute itself uniformly throug-hout the solvent. Just as a gas by virtue 
of the gas-pressure occupies the entire space at its disposal. 
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wntrr ?nlnlinr\ hi' simply give a name to that portion of it 
wliitli itwa&uruiiiLiii of certain physical and chemical proper- 
tit^s shows tu hu more active than the other, so-called nmi- 
diasocialL'd portion. 

In Ihi.-i hri.'iiki;];j up into the ions we have an explanation 
of tin.' compariilivc simplicity of the analyeis of inorganic 
Euhstarii;-. hi -.m examination for barium chloride, for in- 
Etnnc{', iIk' it'-l is made not for the salt as such, but with 
sulphuric uLiil Iit ihe barium ion and with silver nitrate for 
the cliloriik' ion. Thus, as Ostwald points out, instead of 
2500 diiftTi'ut niLctions given hy the combination of fifty 
bases with fifiv iU'ids, we have only 100 — fifty for the basic 
or positivi; ions ;i)i(] fifty for the acid or negative ions. rV!;^^3 
reactions in iniler .■<'dution are reactions of ths ions. *^^| 

The chcmiciil nativity of a ^uhslnnce is therefore in pro- 
portion to the extent of its dissociation into ions, and the 
nfutni! suits find strong acifis iuul buses, the substiinces 
which iire most iictive cliemically, exist in water solution for 
tlio most part in the dissociated condition, the molecules of 
sodium nitrate, for iusi;ince, splitting up into Na' and NOj' . 
hydrochloric acid iulo !!■ and CI', potassium hydroxide into 
K- and OH'.* The normal suits are praclically completely 



(he iiumbtr '>/ iliil- it aerfiiti' yim Ihf ruKuct. The kjilhlun la (he pa-itivf or 
bask- ion, which tiirriea |«ni(iv <■ i)lt'irtrifil>- and mtiieH towiinl (!io liatbode (the 
negative elect hhIci whenu lurront. la ixiafinl tbroughthpii'iliitlon : thoauion, 
the negutlvo iuD. oiovealii the upposKc dlreutlOD. 

Tho aulOD of a neutral eaJt, as XiiMUi, is identical In ixiin position wltli the 
acl.l railienl, that iB. it ciintains the KimoeleniL-nts in Ihettami' rrhitive .imintl- 
tles. Hut the acid radical includes all uf the nitrotfpn and oxytreti of nitrlo 
:icld or H nltmle while thcaniim is only the more active portion, a»iiimcd 1>)- 
I lie theory of electrolytic dixsoclntion to 1>c In u com jni rati vely indceeiiili'iit 
Hlaleand tn carry a. uharBc of ucgative electricity. Chlorine the Ion is not to 
U' conl'ciuniled n-ith chloiinc. monatumlc. in )lie free state. The two iiro 
nuito niillke. Free ehlurini' (•• I'urai ihe ililnriiie ion. of )«><liitm ehlortde. for 



lastiince, inUKt uiiilenni tun energy uluinucs. Urdt on 


cmlilnlDir with sodium 


to form nou-(llf«N:laU'd sodiiim chloride, and uiraln 


on chunjrltiK from non- 




.nth...ner«yeont™tof 


II BUlmttincc is BiiHiciciit lo lirlnir nlKiiit entire rliniip 


re in Its proiwrtli'S and 


hehiivlor.as in tin- cwse of nnl and yellonr phrisjihon 


us, or of an element in 






to l--el.ctrl. )• 1 liHi'-ert and it <-.<u scarcely eMsf e> 


r<->'t>Mnthe presence of 
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ionized, 80 to 90 per cent of the total quantity being present 
as the ions in solutions of ordinary strength. There are a 
few exceptions, most prominent among these being the very 
slightly dissociated salts formed by Hg'" with hydracids. 
Salts consisting of monovalent ions, as NaCl and NH4NO3 , 
are slightly more dissociated than others. Ranking with 
these in extent of dissociation are the strong acids and bases. 
The former owe their acid activity to the H ion and the 
latter their basic activity to the OH ion. The activity in 
these cases, as in all others, is numerically proportional to 
the concentration of the ions concerned, that is, to their 
number in unit volume. 

The strong acids, which rank with the salts in extent 
of dissociation, are HCl , HBr , HI , HNO3 , HCIO3 , HCIO4 ,, 
HjSO^, and the polythionic acids. 

Acids of medium strength are H3PO4 , H2SO3 , HC2H3O, , 
with dissociation usually not exceeding ten per cent 

Weak acids, dissociated to less than one per cent, are 
HaCOg , H^S , HCN , HjSiO, , H3BO3 . 

The hydroxides of the alkali and alkaline earth metals are 
strong bases, dissociated in about the same amount as the 
neutral salts and strong acids. 

Bases of medium strength are ammonium hydroxide, silver 
oxide, magnesium hydroxide. The hydroxides of other 
metals are weakly basic. (Ostwald.) 

The student will do well to memorize these divisions. 

Electrolytic dissociation is made greater by dilution; acetic 
acid, for instance, is about 1^ dissociated into the ions H' 
and C2H3O2' in normal solution, and about 10^ dissociated 
in hundredth-normal solution. 

16. Chemical Equilibrium. — Equilibrium among chemical 
substances at a given temperature exists only when they are 
present in a certain fixed relative quantity per unit volume. 
The quantity of a substance in unit volume, the total quan- 
tity (expressed in gram molecular weights) divided by the 
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voluniu occTipipii, is the concentration." Evcrj' chemiesl 
rL-acLkin is u liwTL'ase in relative uon cent ration of some pub- 
slaiiLTs anil an inureaae in relative concentration of others 
in the striving of the components of a eystera to come into 
t-quilibrium with one another. 

Invefitigiition of a large number of reactions has Bhown 
that if certain substances A and B react to form certain 
others r and D, n state of equilibrium is reached in which 
the product obtained by multiplying together the final con- 
ix'utrations of .1 and B is equal to a constant quantity times 
the product obtained by multiplying together the concentra- 
tions of C and D. This is represented by the equation 
,ii ^ irrf, iu which a and 6 are the concentrations of iub- 
i-tancen .1 and U, c and d fhoRe of BubBtances C and D, and i 
the constant, always the same for the same reaction at a 
given tcniperaturcf This is known aa the Law of Mass- 
Action. 

The same cqiiiJibriiim rfsulls whether we start with an 
excess of A and /{ or <\i C ati<! />. that is, reactions are in 
general roverslble, ehiiiijre taking place in cither direction 
according as one suhhtimcc or another is in insuflicient 
<|iianfity to fidfilj the ei|uilil)rium conditions. 

When PodiiiKi chloridt- solution is aihlinl to potassium 
nitrate solution Ihe resulting mixture contains Na*, K', 
C\' , NO,', NaCl. KNO.,, XaNO, , and KPl in equilibrium 

♦ Tivo suhsuncea nri' of r.iiitil conopntratl™ when t hoy have the mimf mm- 
tjor of molecules tn n Rlvpn si^aoe, thiil is. ivtuTi the ciuHntltfBfl in unit v<ihime 
.iff to eath other as the mi.lecuLar wejghtaof the Bulisumvfs. H,SU.t.f uull 
<.-oncont ration contiLlnR RH trriims in unit volume. nnellttT. NaOH ot unit eiio- 
centration husWemmB per liter. TM(01II, ciintnlninK 34 xrams per liter Is of 
iHiiioentratLoQ I/S (34/170), the OH ioos, HSSiimiDS vrjDi|>leU> tlissociutlou, of 
oolll■cnt^H^l(^n a/5 (B.8/1T). 

tif the reaction tnvolvpB no aliflorptlim or evolution of hoiit k is inde- 
pondont of the tompemture. If the formutiau of C and O rn>m A and B 
utiuses rvolutloD of heat h will incToase. if nti^orpUon, It will docroaBo with 
rlBinR tcmpersturo. HighoT temperature giioB n ifrcnter quantity of those 
Bubftsnees whose formation absiirlja heat, lower temperature IncreaaeB the 
i|Uantity of tboiw subBtances whoau formation iB attended with evolution of 
he;if. The velocity of the roaetion, the rHt« at whieh the ec|UilibrlumsUte is 
jipiinjiiclifd. |g In all cnBes itccelcrated by rise of temperature. 
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with one another; and the solution obtained by bringing 
together corresponding quantities of sodium nitrate and 
potassium chloride is identical with this. Sodium acetate 
added to hydrochloric acid gives the same result as acetic 
acid added to sodium chloride; the equilibrium is the same 
whether ammonium chloride is treated with potassium hy- 
droxide or ammonium hydroxide with potassium chloride; 
barium sulphate and hydrochloric acid form the same prod- 
ucts, in the same proportion, as barium chloride and sul- 
phuric acid; and so on indefinitely. 

16. Methods of making a Beaotion Complete. — If from the 
sodium chloride-potassium nitrate mixture water be removed 
by evaporation until it is in insufficient quantity to hold all 
the salts dissolved, that substance will separate which is 
least soluble under the circumstances. At certain tempera- 
tures sodium chloride is less soluble than any of the other 
three salts present, and it begins to crystallize out. This 
decreases the quantity of sodium chloride in solution and 
so disturbs the equilibrium which had existed among the 
dissolved substances. To restore equilibrium potassium 
chloride and sodium nitrate react to form sodium chloride 
and potassium nitrate in such quantity that the former ratio 
of concentrations is restored. Further evaporation causes 
crystallization of more sodium chloride, and potassium 
chloride and sodium nitrate again react to replace it. In 
this way the dissolved salts may be obtained almost wholly 
as sodium chloride and potassium nitrate, the latter remain- 
ing in solution. The conversion of sodium nitrate and 
potassium chloride into sodium chloride and potassium 
nitrate is thus furthered by removing one of the products of 
the reaction. 

If conditions could he found in which sodium nitrate or 
potassium chloride became the least soluble substance the 
reverse change would take place and transformation into 
these salts would result. And chemical reactions in general 
may be made complete by removing from the sphere of 
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aciion one or mnro of the resulting substances. The chloi^^ 
imi (j[ ji diisoliTiJ chloride 13 precipitated prdctically coin- 
])luli'ly l)y ihu i^ilver ion of silver nitrate beo-ause the silver 
chloride formed is almost insoluble and so is removed a> 
rapidly ns prndueed.* Sulphuric acid decomposes sodium 
i-hloride eompleti'ly. with formation of hydrochloric Bcid and 
sodiiun sulpliati', because the hydrochloric acid is removed 
by vapnriziition — not because sulphuric is a stronger acid. 
(Am a matter of fact sulphuric is the weaker acid of the two.) 

A chemical change becomes nearly complete also in case 
it involves the formation of a slightly dissociated submtance. 
When hydroehlorie acid is added to sodium acetate the 
hydrogen of the acid is mostly taken up to form non-dis- 
sociated acetic iicid, equilibrium in this case requiring that 
the nnn-dissocifltcd portion he largo in cnmparifon with the 
portion ionized an H' and C^HjO,' . 

Those reactions, then, fend to take place to comple- 
tion which rcsnil In the formation of a substance l!iat 
U either insoluble, volatile, r^r slij;htly dissociated. It U tho 
tliemieal chniiires of this kind which are most fre(|uently 
employed in analytical chemislry. where it is .Icsirable that 
the reactions nsc<! he sn complete with respect to the trans- 
formation of at least one suhsfanee that the quantity of thai 
substance rcmatiiinj,' shall be TicjrliK'hle. As between two 
such substances havinjr a common component that one will 
resuK which removis this component more couipletely from 
the sphere of action. Of a number of slightly soluble sub- 
stances the least sohdile will form: AgCl + KI =^ AizI + 
KCl; PbSO, + 1I;S ^ PbS + H.SO,; these reactions laki- 

prcriiilliifHin, 111 ii s-.lii(iiiii nl hj-.lmBill['liuric acirt ih.-c- 'is r.nilil.riiim !"• 
tui'i'M till' M»1i <]|.'<MM'Mtc-<l ni^iil an<l Its iimg. Whi'n n ll?ml»;ill is ;iiUk<it llii' 
Bull.liiir ion [:> tiiki'ii iiji (.) form loiul siiliihiilo. which prrd|iil;.ris. To r-i^um- 
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place rather than the reverse reactions because silver iodide 
and lead sulphide are less soluble respectively than silver 
chloride and lead sulphate. There is no difference in prin- 
ciple between these and such changes as : AgNO, + EJ =» 
Agl + KNO3; Pl>(N03)j + H^S = PbS + 2HNOs . 

17. SolubUity. 

A solution is a homogeneous mixture of two or more sub^ 
stances. Those with which the analyst has most commonly 
to deal are mixtures of a solid, sometimes a gas, with a liquid> 
usually water. When a solid is brought into contact with 
a solvent it enters the latter by virtue of a force similar to 
that which enables a gas or vapor to enter a vacuum, and 
diffusion takes place until the mixture is quite homogeneous 
and a definite ratio has been established between the con- 
centration of the dissolved substance and the concentration 
of the solid. Such a solution, in equilibrium with the solid, 
is a saturated solution. A supersaturated solution contains 
more of the dissolved substance. If but slightly super- 
saturated it is perfectly stable so long as the solid is not 
present, but addition of the minutest particle of the solid 
causes precipitation (crystallization) and the saturated solu- 
tion results. 

There is infinite variety in the solubility of solids in water, 
from those which cannot be shown by analytical methods to 
dissolve at all to those which may be mixed in all propor- 
tions with the solvent. All substances must be considered 
to be soluble to some extent, and when a body is said to be 
insoluble it is understood to mean that the solubility is so 
slight as to be for most purposes negligible. The precipi- 
tates which are obtained in analytical work are practically 
insoluble, this designation covering those which dissolve to 
the extent of 100 milligrams or less in a liter of water. 
Even here there is wide variety. Agl , a few thousandths 
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of ii milligram * of which dissolve in one liter, h eomcthing 
liki> cm times less soluble than AgCl; 2,3 milligraras BaSO« 
dis^inlve iu one liter; 46 milligrams PbSOj, and so ou; in 
the presence of other substances with which the precipitates 
huve an ion in common, which is usually the case in analysis, 
evi'n these slight solubilities arc lessened. 

The substances designated as " sparingly soluble " have for 
the most part a solubility of one to ten grams per liter (one 
to ten milligrama per cubic centimeter). These solubilities 
also ure duividedly lessened under the actual conditions of 
analysis. 

18, The Solubility-Prodnot. — A solution becomes saturated 
and will t)ila> up iin more of the solid when the concentration 
of the non-dissoeiated portion of the dissolved body hsB 
rciK'hed a certain definite vnlne. Equilibrium then exists be- 
tween solid and solute (matter in solution). The non-disso- 
ciated substance is, furthermore, in equilibrium with the dis- 
Boiiiited portion. Silver chloride, for instance, dissnciiitf- 
into Ag* and CI', and wo have the equilibrium equation 
[-^S'l X [C!'] =-. ^[AgCn. the formulas enclosed in brack- 
ets standing for the concentrations of the respective sul>- 
sliinees (see §30), Rut [A-ri], the con.vntrntion of the non- 
dissoeiated portion, is eon.stiint. Therefore [Ag-] X ["^I'l 
is (■on,stant, that is. the |iroi!iiel of th<' coiicentnilions of the 
ions of a substance is iilw;tys (he same in its salurated solu- 
tion at a given temperahin'. This Ostw;iM li;is riilled the 
.•■'hihUlliz-pmbirl. ,\ substance with large solubility-product 
i> freely soluble: with sniall soluhilit_v-prod\ict but little 
soluble. So long as the i.>ns are in such slight quantity 
that the product of iheir cnncentralions is less than the 
soluhility-prndiiet. the sohiliou will he capable of taking up 
more of the sol\ite. When the solubilily-product is exceeded. 

'.V milUarannif powdered oolkl ]B, If iTystiillim.-, .I'minonlyflllithtlj- lens In 
bulk thno n |.iiilip:i.l ; If iiinorphiuis, sllirhtly creater. Most |irpi>i|itintP8 an- 

ciil'icfpotlmctera of water. A plntiyadnvtiih-isoniethlnitovortuii milllBmniB. 
iiUropuf water Bfty millturiiras. 
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as by addition of silver nitrate solution to hydrochloric 
acid solution^ precipitation takes place until the ions are 
present only in such quantity that the product of their con- 
centrations equals the solubility-product. Precipitation is 
thus preceded by supersaturation and there remains always 
a saturated solution of the precipitated substance. If the 
silver ion is added in large excess to a saturated solution of 
silver chloride, the solubility-product will be exceeded; equi- 
librium is established through removal of some of the 
chlorine ion by precipitation as silver chloride, increase in 
one of the factors of the solubility-product necessitating a 
proportionate decrease in the other factor. Silver chloride 
is less soluble, then, in silver nitrate solution than in water, 
and in general the solubility of any substance is lessened by tlie 
presence of another substance with which it has an ion in com^ 
mon. This is the reason for the practice of using an excess 
of reagent for precipitation. 

Potassium chlorate is precipitated from its saturated solu- 
tion by the potassium ion of potassium hydroxide or the 
chlorate ion of sodium chlorate. Barium sulphate solution, 
formed by bringing together dilute barium hydroxide and 
sulphuric acid, is precipitated by either barium chloride or 
sulphuric acid. Silver chloride in its saturated solution is 
precipitated by silver nitrate or by sodium chloride. Experi- 
ment gives quantitative agreement with the theory (Nernst, 
Z. phys. Chem. 1S89, 4, 372; Noyes, Z. phys. Chem. 1890, 6, 
241; 1892, 9, 603). 

19. On the other hand, any cause which decreases the con- 
centration of either of the factors of the solubility-product, 
as by taking up a simple ion to form either a more complex 
ion or a non-dissociated molecule, will cause an increase in 
solubility, more of the solid dissolving to restore the dis- 
turbed equilibrium. Increase of solubility through forma- 
tion of a slightly dissociated substance is illustrated by the 
action of an acid on a little-soluble base, as hydrochloric 
acid on calcium hydroxide. When acid and base are brought 
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togethtr Ihe II' of the acid unites at once with the OH' of 
the liasc to Tonn water, which h almost non-dissociated.* 
This lowers [(til'] so that the product [Ca--] X [OH'J't ia 
h'^s Ihiin the sohihility-protiuct of calcium hydroxide. To re- 
(■■^Ijililish tlie sohiljility-product more calcium hydroxide will 
ilif-^olve, only to have ita OH' again taken up by the H* of 
lln' iU'id, and Ihe process repeats itself either until calcium 
lirdroxidc h.ns all disHolvod and the equilibrium between 
Kolid and Bolute has no longer to be maintained, or until the 
ncid is exhausted and the hydrogen ions are in slight enough 
rfini't-ntration to ho in etiuilibrium with the hydroxyl ions of 
a solution of calcium hydroxide. The solubility in aodium 
hydroxide of Tnctallie hydroxideB, which in such case act aa 
nrida, {Al(OH), , for instance, breaking up slightly into 
rill' -|- AlO/"), is due to precisely the same cause. 

Similarly the salt of a weak acid dissolves in a stronger 
^11 id. The (\0. ions of ciilcium oxalate unite with the 
Iiydrc^'cn ions of hydrni'hloi-i,' acid lo form the slightly 
di^'fociuted oxalic acid just us the liydroxyl ions of calcium 
hydroxide iinifc with Iiydrnjjcn inns to form water, and in 
each case more of the solid must dissolve. Calcium oxalate 
is not dissolved by acetic acid Ixranse the latter is even less 
dissociated than oxalic acid and the hydroijen remains with 
the non-dissociated acetic aeitl molecule. 

Tlk> [ioliibility of iron compounds, as ferrous hydroxide, in 
jiolassiiim cyanide is due to the taking up of the iron into a 
complex ion. For ferrous hydroxide the sohibility-|iroduct 
i< CFe'-l X r^^TI'l'. The 6\' of potassium cvanide react.'J 
with Fev to form Fe(OK)„"" : fiCX' -|- Fe.'" = Fe(CN),;"' . 
This removal of Fe" lowers the product of the ion concen- 



Cureoftlii'111'iiiorli.iHP; Nil- -Kill' + l( -H;r = Nii 
;tiuii Ihiit Ulii-s plu.v la union of llie H-nnd OH'. 
hi> i-.>n<Tntrntfon nt a BVihstnnri- iHnxfd by tlic ni 
fe oL-uurs in llio n>aclf-m-oqiia(i.iii. IIctp CarOrii. 
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trations below the solubility-product. To restore it more 
ferrous hydroxide dissolves; Fe" is again taken up by CN', 
and the process continues until with excess of potassium 
cyanide the ferrous hydroxide is completely soluble. 

The solubility of a salt is in general increased by the 
presence of another salt with which it has not an ion in 
common. This influence is in many cases slight. 
20. Equilibrium between Substances with a Common Ion. 

When two substances with a common ion are brought to- 
gether not only the solubility but also the extent of dissocia- 
tion of each is affected. This is particularly observable 
where one of the two is naturally but slightly dissociated. 

In reactions involving dissociation, the breaking up of a 
substance into simpler components, the ordinary equilibrium 
conditions obtain, expressed by the equation db = he or 

ah 

— = Jc, in which a and b are the concentrations of the 

components, c that of the non-dissociated substance, and k 
the "dissociation-constant." Gaseous NH4CI breaks up on 
heating into NH3 and HCl. For equilibrium we have: 
[NH,] X [HCl] = it[NH^Cl]. It is evident that if either 
a or & is increased the other will decrease and c must increase. 
The quantity of non-dissociated substance (NH4CI) is in- 
creased by adding either of the products of the dissociation 
(NH, or HCl). 

The conditions in the case of electrolytic dissociation are 
identical. Ammonium hydroxide dissociates into NHj* and 
OH' and for equilibrium [NH.'lX [OH'] =A:[NH,OH]. The 
introduction of NH4 ions or OH ions in excess will decrease 
the dissociation of NH^OH . NH^Cl added to NH^OH thus 
lowers the concentration of the OH ions and in so doing 
weakens the power of the base, which is in direct proportion 
to the OH ion concentration. Addition of fixed alkali 
hydroxide also increases the quantity of non-dissociated 
NH4OH, and facilitates complete expulsion of ammonia by 
heating. This influence is very marked in the case of a 
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dissociation is slight, but is scarcely per- 
tbe diesociation is from the begiuiiing prac- 
i'. XH4OH, as a slightly dissotiattd sub- 
m in N/10 solation to perhaps 1^ per cent in 
ition. [NH*-] is then 0.0015. [OH'] has 
Now suppose that to N/10 NH.OH enough 
I'd SO that it also is N/10 (53.5 grams per 

may be taken as 90 per cent dissociated. 

NH.Cl is then 0.09. This added to 0.0015, 
ii,'J, gives O.Ofllo, about sixty times the first 

he preservation of equilibrium [OH'] must 

11 the same ratio, depriving the solution of 

just that extent. 

manner a neutral acetate, bs NbC^,0, , 
K-i<l by drivin;: back its dissociation and in 
in-i(l or weak base is still further weakened 
of its ncutnil suit. This does not hold for 

1 bii>es: in I'lK-t strong acids, for reasons not 
Kid, are made slif;htiy Tnore iutive by thi.- 
r salts. 



1 



21. Hydrolysis. 
Water, present in most analytical operations, docs more 
than act as a solvent. Acids and bases are active only iii 
the presence of water, as ioniKalioTi scarcely takes plate 
without it. Anhydrous acids are lackiiij; absolutely in acid 
projierlies. Salts also are capable of rcaelion only in so far 
us they are diss(.ciated into ions. And owiiifj to llie fact thai 
it is itself an eloctrolyle. containing' II and Oil ions in sli-lil 
quanlily, water elTecl,< a further ehan;'e in manv salts. 'I'he 
e.|uililirium obtains |H-| X |OII'| = ^| HJI |. ' The eonceii- 
traliiui of non-dissociated wafer varies so liitle and is so 
larp> in proportion to lliat of orher subslatices present that 
it may be rci;ardi'd as conslant. The proihiH of li.e ronreiihv- 
twi,^ of II- ,111.1 Oil' i.". ihni. i-rnHlrfiUii the s'lmc i,i oil iniier 
soluli'-'i.:'. if our is increased the oilier must decrease in 
just the same proportion. 
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Now, if the salt of a weak acid, as NaaCOa, be dissolved 
in water, the hydrogen ions, few though they are, are too 
many to be in equilibrium with the concentrated CO3 ions 
of the NaaCOj , for wherever H • and CO3" are in solution 
together they must, as the ions of a very weak acid, for the 
most part unite to form non-dissociated H2CO3 . The matter 
is adjusted by the following reactions: 2H- -i- 20H' + CO3" 
+ 2Na- = H^CO, + 2Na- + 20H' , and 2Na- + CO3" + 
2H2O = HXOs + 20H' + 2Xa- . The salt of a weak acid 
in water solution thus takes on alkaline reaction, due to the 
OH', with formation of the non-dissociated acid, which if 
insoluble may precipitate (Zn(0H)2 from NajZnOo , etc.). In 
some cases the non-dissociated acid may be detected in the 
solution by its odor (KCN , NaC2H302). 

In a precisely similar manner the salt of a weak base 
takes on acid reaction owing to the formation of the non- 
dissociated base. The latter is sometimes precipitated in 
the process (salts of Bi , Sb , Sn , Hg , etc.) and sometimes 
remains in solution as a colloid (ferric salts, etc.). 

This action of water, splitting up the salt of a weak acid 
or base to form again in whole or in part the acid and basf*, 
is called hydrolysis. 

Hydrolysis of the salt of a weak acid is hindered by the 
presence of OH' , which decreases the II* concentration; and 
similarly the salts of weak bases are more stable in the pres- 
ence of H* , which decreases the quantity of OH' . NaaAlO., 
and like compounds are soluble without decomposition only 
in excess of alkali hydroxide, while salts of Bi , Sn , Sb and 
other insojuble weak bases require the presence of an acid 
to hold them in solution. 

22. The Periodic System of the Elements. 

Taking the elements as arranged in the table (§23) 
showing the periodic system, there is in general (not always) 
increase in positive or base-forming characteristics with 
increase in atomic weight in the vertical column. There is a 
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similar grailalinn in the horizontal row, the positive qualities 
hiTu dwreasing with increasing atomic weight. 

Whi-'n II niL'tal is immereed in a solution of itB salt the 
sululioii lakes on a positive or negative charge of electricity 
at'i'ariiing as the tendency is greater for the metal to go into 
solution (as a positive ion) or for the dissolved metal (the 
kalhion) to separate out in the free state. That metal is 
most positive pluL'trically which develops the greatest positive 
ditFerence of potential • in a solution containing its ions in 
definite cnncfutration. This difference of potential is a 
meas'ure of the tendency of the metal to go over into the 
ionic form, that is, of the readiness with which it is oxidized, 
or with which it acts as a reducing agent. The metals 
arranged according to the magnitude of the difference of 
potential wliirh they thus cause give the voltaic series (§27). 

With thi-i positive electrical character is associated, as a 
rule, strength of the hydroxide as a hsisc, cnrryini; with it 
ability to form with strong aciils salts wliicli are not liydro- 
lyzed hy water and not broken up hy heat. 

A non-metal, similarly, causes in a solulinn containing lis 
inns a lU'^jalivo charge which is a measure of the non-metallic 
ciiaracter of the eli'tiieiit in riuestion, its ability to form 
strong acids, its strength as an oxidizing agent, etc. 

The hydroxides <if the elements in the second horizontal 
row, heginniniiwith sodium, affnnl :in interi'sting eompLirison. 

S<).liiiTn liy<lrnxidc is one of the sln^ngest hiHc-: mag- 
nesiiiiii hydroxide is n base of medium strength and its salts 
vvcn with strong acids oxhiliit a leiidency to hydrolysis; 
inagnesiiim chloride ahove ordiiiaty temperature can he 
lirnken up hy water into magnesium oxide and hydrochloric 
acid. Aluminimi hydroxide is a weak hase, its sails, as 
.MCl-i , hydrolyzing with water, giving their solution acid 
reaetioTi. .Aluminum hydroxide acts also as a feeble acid 
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whose salts, as NajAlO, , unless in the presence of excess 
of hydroxyl ion (fixed alkali hydroxide) are decomposed by 
water into NaOH and A1(0H)3 , which is precipitated. The 
hydroxide of silicon is weakly acid and more weakly basic; 
NasSiO, is largely hydroiyzed,^ while SiCl4 is completely de- 
composed by water. In the hydroxides of phosphorus the 
acid properties are decidedly stronger than the basic. The 
general rule that an element in a higher valence has more 
pronounced acid-forming tendencies than the same element 
in a lower valence holds in the case of phosphorus, phos- 
phoric acid, HjP04 (P(0H)5 — HjO) being stronger than 
phosphorous acid, HjPOj (P(0H)3). Sulphur in its valence 
of six forms a strong acid, H2SO4 (S(OH)e — 2H2O), in its 
valence of four a weaker acid, sulphurous, H2SO3 (S(0H)4 — 
HjO); its basic properties have practically disappeared. 
With chlorine the acid-forming tendency reaches its max- 
imum; perchloric acid, HCIO4 (Cl(OH)^ — SHjO), and 
chloric acid, HCIO, (CKOH)^ — 2H2O), are among the 
strongest acids known. 

There is a similar gradation in other horizontal rows from 
base-forming to acid-forming elements. 

In the vertical columns, each containing a group of ele- 
ments more or less closely related to one another, there is a 
general tendency to increase in positive character with in- 
3reasing atomic weight. This tendency is marked in the case 
of the alkali metals, the ease of oxidation, shown in the 
readiness with which the metal decomposes water, and cor- 
respondingly the difficulty of reduction, increasing from 
lithium to caesium. 

In the next column, that containing the alkaline earth 
metals, all less strongly basic than the alkali niotals, there is 
increase in basic power from beryllium to barium, the latter 
ranking near the alkali metals in its strength. The car- 
bonates are decomposed by heat with increasing difficulty, 
and there is less tendency to hydrolysis of the chlorides and 
similar salts, as the atomic weight increases. , 
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In tin? following column, the hydroxides of boron are weak 
acids, that of iihiniinum ie more basic, whil^ thalliuui, the 
element with highest atomic weight, ia a decided metal. 

The next coluiini begins with carbon, whose oxide, CO,, 
forms a wenk atiil. The hydroxides of silicon aru weaker 
acids and utrniigiT bases. Tin and lead are basic clfmentB, 
but their hydroxides still retain weakly acid properties and 
dissolve in fixed ^ilkaU hydroxide. 

In the iiiirogrn family nitrogen itself forme a strong 
acid; in pho>|il]r>iiJs also the acid properties preponderate; in 
arsenic tlii-y av li'ss decided, while antimony is primarily a 
basic metal, iiiilumgh its hydroxides still dissolve ae weak 
seid»< in iixcd iilkuli hydroxide. In bismuth, which is weakly 
basic, the aciil i-li.iraeteriaticH fail entirely.* 

Sulpluir, silciiJiun. and teltnriiim in the next column con- 
Btitnfca similnr series, all forming acids as ILSO,, ILSeO,, 
H.TeO, . uhieli arc wenluT tlie liiglicr the atomic weight of 
their <'lniraftiTi>^tie element. From oxygen to telhiriiim 
there is iin luiL'nirnlalion of positive clninietcristic^. tellu- 
rium having tuiiny of tlio pntjiorties of u metal. There 
is n corresponding de(-rca;'e in negative slrcnglli, and oxygen 
replaces .sulphur from IL?^ (imperfeit condmstion in air) 
JHst as a huhigi-n of lower atomic weight ri'placcs one "f 
higher atomic weight from its hydraeid. 

In tlic halogen family we find dcerea>.o in flic stithility of 
hydracids and fhoir salts wifli increasing atomic weight, 
ilecrcusc fn fhc sfrengfh of flic halogen aw an oxidizer, ar.l 
increase in the ediracy of the hydraeid (llie ion) as a reducing 
iigent. Each Indogen lias a grenter tendemy to enter flic 
ionic state t1inn tlin others with higher ntonnc weight, and 
those with lower nfomle wei<:)it therefore disptnee those of 
higher atomic weiLdif from the hydnieids and their salts. 
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THE METALS. 

The Silver and Tin and Copper Groups. 

24. Group I. — Metals forming insoluble chlorides: Ag^ 
Pb , Hg (monovalent). 

Group n. — Metals (not belonging to Group I.) whose sul- 
phides are insoluble in dilute acid: Sn, As, Sb, Hg (di- 
valent), Pb,* Bi, Cu, Cd, and of less common occurrence 
Au, Ge, V, Mo, W, Se, Te, Ru, Rh, Pd, Os, Ir, Pt. 

These metals are at the negative end of the voltaic series. 
Their tendency to go over from the metallic to the ionic 
state is but slight and oxidizing acids (nitric or nitro-hydro- 
chloric) are required to dissolve them. They form weak 
bases and readily hydrolyzed salts having for the most part 
acid reaction in water solution. The " noble metals,^* not 
readily oxidized or tarnished, and easily reduced from their 
compounds, are in these groups. 

The metals of the Tin and Copper Group may be pre- 
cipitated as sulphides from dilute acid solution, this being 
the means of their separation from metals of following 
groups. The line of division between the groups is fixed 
by convenience only; strong concentrated acid hinders the 
precipitation of these sulphides by HgS , while on the other 
hand Zinc-Group sulphides are precipitated more or less 
completely in the presence of very dilute acid. CdS, the 
most soluble Second-Group sulphide, is completely precipi- 
tated in presence of N/2 HCl , and it is of the utmost im- 
portance that the solution be not more strongly acid than 
this when precipitation of the Tin and Copper Group takes 
place. 

The metals of the Tin Subgroup are distinguished from 
those of the Copper Subgroup by the solubility of the sul- 
phides of the former in ammonium polysulphide with forma- 

*Pb occurs in both grroups owing: to the decided solubility of its chloride in 
water and its consequent incomplete precipitation in the Silver Group. 
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tion of sulpho-compounds (ammonium salts in which sulphur 
has replaced oxygen). 

Silver. 

25. Metallic silver is used mostly alloyed with a small 
proportion of copper for hardening; U. S. silver coins con- 
tain 10 per cent copper. Plated ware is coated by electro- 
lysis. " Oxidized " silver has a surface of AgjS . Lunar 
caustic is AgNOj, used in solution as indelible ink. AgCl 
is used for sensitive paper, AgBr for dry plates, and Agl for 
the sensitive coating of wet plates in photography. 

The most important source of silver is galena, PbS , which 
contains a small proportion of AgoS; it is also found native, 
and as argentite, AgjS; pyrargyrite and stephanite, AggS 
with SbjS.,; and cerargyrite or horn silver, AgCl . 

Silver forms monovalent ions. Most of its salts are in- 
soluble in water but soluble in NH^OH.* 

28. Solutions of silver salts, containing the ion Ag', give 
precipitates when mixed with other solutions as follows: ] 

^ As has already been stated, any cause wbiob takes up the ions of a sub- 
stance wiU inorease the solubiUty of that substance. NH4OH added to a 
saturated solution of sUver salt, as AgCl, in contact with the solid takes up 
Atr to form a complex ion. This lowers [ Agr] X [Cl'l (symbols in brackets de- 
note concentration of the substances), below the solubility-product, and solid 
AgCl dissolves to restore it. NH4OH at once combines with the freshly- 
formed AflT and so the process continues untU either NH4OH or AgOl is 
exhausted. Some salts, as Agl, dissolve but little in NH4OH because the Agr 
from the dissociation of the trace of the complex formed (complex ions 
always break up to some extent into thoir components) is in gre&t enoucrh 
concentration to satisfy the very smaU solubility-product of Agl. 

tThe student should obtain these reactions with a salt of silver before test- 
ing for sUver in mixtures of unknown composition. In each case the chemical 
equation should be written showing as fully as possible the change that has 
taken place. It is far better to do this whUe working at the table, or at all 
events before going on with other substances. The writing of the equation 
throws light upon the management of the test and corrects mistakes in 
manipulating. Taking the Ag' precipitates : 

AgNOs with HCl gives a precipitate. 

To ascertain what the precipitate contains, and in what proportion, the 
student must either himself subject it to a quantitative analysis or accept the 
statement of some one else who has done so. The composition is never to be 
assumed on theory. (Consulting a text-book we have : 

AgNO, + HC1 = AgCl + 



When hydrosulphuric acid or a s^ 
to a silver salt solution tlie solubili 
phide, [Ag*]^ X [S"J, is exceeded ai 
a black precipitate, reducing the com 
and sulphur ions until they are pn 
quantity to give the solubility-prod 
soluble in hot dilute HNO3 , insoluble 

Solution of hydrochloric acid or ol 
the chlorine ion, which forms with 
chloride, insoluble in water. Hvdroc 
chlorides added to a solution of a sib 
cipitate AgCl, white, becoming drab 
mation of a compound containing les 
soluble in NH.OH to AgCNH.O.Cl*; 
soluble in strong HCl . 

Similarly a solution of hydrobromic 
contains the bromine ion and precipi 
AgBr, slightly yellowish, insoluble in 
in NH.OH . 

Hydriodic acid and soluble iodides h£ 



And we know, or ascertain, that the H and NOj re 
A^l is precipitated constitute a solution of the 
NO, ion.) 
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precipitate silver iodide, Agl, yellowish, soluble in KI or 
Nal , insoluble in HNO3 , insoluble in NH4OH . 

Cyanides (CN') precipitate AgCN , white, soluble in excess 
to KAg(CN)2 (ions K' and Ag(CN),'); insoluble in HNO,. 

Fhosphates, carbonates, chromates, oxalates, arsenates and 
arsenites precipitate the corresponding silver salts, soluble in 
HNO3 and also in NH.OH . 

27. The metals may be so arranged in order that each will 
be precipitated in metallic form from solution by those which 
precede it and will precipitate those which follow it. This 
is the so-called voltaic series. It is as follows : K , Na (Ba , 
Sr, Ca), Mg, Al, Mn, Zn, Cd, Fe, Co, Ni, Sn, Pb, H, 
Bi , Sb , As , Cu , Hg , Ag , Pd , Pt , Au . The metals first 
named are the positive metals, stable in combination; the 
last of the series are the easily reduced negative or noble 
metals. Of the metals in this list all but three will precipi- 
tate silver from its solutions, while silver throws down the 
metal from solutions of Pd , Pt , or Au . A bright strip of 
copper, for example, in solution of AgNO,,, becomes coated 
with metallic silver, lustrous on drying and gently rubbing, 
while cupric ions enter the solution. 

Seducing agents * in general readily form metallic silver 
from compounds of the element. Fe** throws it down as a 
brown-black precipitate, and is oxidized to Fc • • • . A silver 
mirror lining may be made in a test-tube or flask by treating 

^ A reaction causing a change in the number of equivalents of substance with 
which an element is united involves oxidation and reduction. An element is 
said to be reduced when it is freed from combination with a non-metallic 
(negative) element or group, or caused to enter into combination with a 
metallic (positive) element or group. The change of HgCl, to HgCl or Hg, or 
of free CI to HOI is a reduction, of the Hg In the first case and of the Gl in the 
second. The reverse process, addition of a negative or removal of a positive 
element or group, is oxidation. 8n is oxidized when SnCl« changes to SnCl4 ; 
8 Is oxidized when it is liberated in the free state from HaS. Oxidation and 
reduction alwaya accompany each other, the oxidizing agent being reduced 
and the reducing agent oxidized. 

An ion is oxidized when it increases Its positive or diminishes its negative 
charge of electricity ; reduced when the negative charge is increased or the 
positive decreased. See Ostwald, Grundlinien der anorganischen Chemie, p. 
575 ; and Qrundriss der allgemeinen Chemie, 3d edition, pp. dS» and 439. 
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jyi^v- ^tL\K.i ciMiipuuiius give gioDul 
4AgCl + C + 2Xa,C0, = 4Ag + 4> 

Lead. 

29. Common forms: Metallic lead ; 
shot, solder, type-metal, etc. White lej 
litharge or massicot is PbO , added to o 
used in glass-making, etc.; red lead is 
is PbCr04; sugar of lead is the acetate 
In the common storage battery the pof 
negative a composition containing lead 

Mineralogy: Galena, PbS; cerussii 
PbSO^; pyromorphite, PbaCPOJj.PbCl 

80. The metal is dissolved by dilui 
HCl , H2SO4 , or strong HNO3 . It dii 
tilled water. Lead pipes which con^ 
used for drinking soon become lined \^ 
ing, a mixture of oxide and carbonate. 

31. Lead salts in solution contain t 
precipitates as follows: 

Fixed alkali hydroxide (the hydroxy 
concentration) forms lead hydroxide, P 
acts as a weak acid and gives with < 
hydroxide a soluble salt. a<5 N^n PV»n 
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in ammonium hydroxide is prevented by hydrolysis, ammo- 
nium hydroxide being a much weaker base than the fixed 
alkali hydroxides. 

Solutions of carbonates, as NasCO, , contain hydrozyl ion 
as well as carbonate ion, owing to partial hydrolysis, and the 
precipitate which they cause in solution of a lead salt is a 
mixture of hydroxide and carbonate, white. Carbonic acid 
(H2CO,) is but little dissociated into its ions, being a very 
weak acid, and it causes no precipitation. 

Hydrosulphnric acid and soluble sulphides (the ion S") 
precipitate lead sulphide, PbS, black, insoluble in dilute 
acids or in alkalis; a delicate test for lead (1-100,000). la 
the presence of concentrated HCl the precipitate is brick- 
red. 

Sulphuric acid and soluble sulphates (the ion SO4'') pre- 
cipitate lead sulphate, PbSO^, white, slightly soluble in 
strong acids; it is soluble in NaOH (in common with all the 
lead salts here mentioned except the sulphide), a useful 
distinction from BaSO^ . 

Hydrochloric acid and soluble chlorides (the ion Cr) pre- 
cipitate lead chloride, PbClj, white, soluble 10 grams per 
liter cold, separated from AgCl and HgCl by its solubility in 
hot water; it is less soluble in dilute HCl than in water 

(§18). 

Hydrobromic acid and soluble bromides (the ion Br') pre- 
cipitate lead bromide, PbBrj, white, soluble 6 grams per 
liter. 

Hydriodic acid and soluble iodides (the ion T) precipitate 
lead iodide, Pblj, yellow, soluble 0.6 gram per liter, some- 
what soluble in excess; this precipitate, heated with con- 
siderable water, recrystallizcs in characteristic golden flakes. 

The chromate ion, CrO^", of KoCrO^ precipitates lead 
chromate, PbCrO^ , yellow; KgCrjO^ solution contains CrO^ 
ions and gives the same precipitate. 

The phosphate ion, PO4'" , of soluble phosphates precipi- 
tates lead phosphate, Pb3(P04)2, white, insoluble in dilute 
acetic acid. 
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Oxalates precipitate PbCjO^, white; sulphites PbSOj, 
white. 

32. Heated on charcoal with NajCOj lead compounds give 
globules of the metal, soft and malleable (distinction from 
bismuth), a yellow crust of PbO forming around the mass: 
2PbS0, + 2Na2C08 + C = 2Pb + gNa^SO, + SCO. . The 
sulphate suffers reduction at the same time : NajSO^ + 2C = 
NajS + 2CO2 . Heated with NasCOj alone transposition 
takes place, owing probably to the greater solubility of PbSO^ 
in the fused mass : PbSO^ + NagCOg = NagSO^ + PbO + 
CO2 . See further under HgSO^ . This fusion is used in 
analysis for obtaining the substance in a soluble form. The 
fused mass is treated with water and the resulting solution 
tested for the acid ion (SO^"), while the residue is dissolved 
by HNO3 ^^^ this solution tested for the Pb ion. 

Uercnry. 

33. Mercury, or quicksilver, is used in the liquid form for 
scientific instruments. Finely divided as a gray powder it is 
used in medicine, as in blue mass and blue pill. Calomel is 
mercurous chloride, HgCl; corrosive sublimate, mercuric 
chloride, " bichloride of mercury," HgClj. Mercury is found 
native and as cinnabar, HgS . 

34. Mercury is dissolved by HNO3, a monovalent (mer- 
curous) or divalent (mercuric) ion forming according as 
mercury or acid is in excess. Both are ions of weak bases 
and the soluble salts are split up by water with precipitation 
of basic compounds, the solution taking on acid reaction; 
acidulated water is required to prevent this precipitation. 
Hg* is oxidized to Hg** by oxidizing agents, as HNO3 , Clj 
etc., and Hg** is reduced to Hg* by metallic mercury and 
other reducing agents. 

35. Solutions of mercurous compounds, containing the 
ion Hg* , give precipitates as follows : 

Fixed alkali hydroxide (the hydroxyl ion) forms HgjO , 
black. 
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Ammonium hydroxide causes the formation of a complex 
compound in which divalent Hg replaces H in ammonium 
salt, while black metallic mercury is liberated: 2HgN0, + 
2NH,0H = NH^HgNO, + NH^NOj + Hg + 2H,0 . 

Eydrosulphnric acid and soluble sulphides (the sulphur 
ion) precipitate HggS , stable only at loy^ temperatures, break- 
ing up into HgS and Hg . 

The chlorine ion, as contained in dissolved chlorides and 
hydrochloric acid, precipitates IlgCl , white, precipitated wit}i 
the Silver Group, blackened by XH^OH owing to separation 
ofHg. 

Hydrobromic acid or a soluble bromide (the bromine ion) 
precipitates HgBr, yellowish white. 

Hydriodic acid or a soluble iodide (the iodine ion) ])recipi- 
tates Hgl , greenish, breaking up into Hglj and Hg . 

Carbonate solutions, containing the carbonate ion, CO3", 
precipitate HgjCOj cold, a basic carbonate hot. 

36. Mercuric salts, with the ion Hg**, are precipitated 
from solution as follows : 

Fixed alkali hydroxide gives HgO , " red precipitate," red 
to yellow, the difference in color being due to the finer state 
of division of the latter. 

HH4OH precipitates NHoHgCl , " white precipitate," some- 
what soluble in excess. 

The sulphur ion, as in hydrosulphuric acid and soluble 
sulphides, precipitates HgS, black; white to yellow and 
brown when the reagent is not in excess. When heated, or 
on digestion with alkali sulphides, it goes over into the more 
stable red crystalline form (vermilion, used as a pigment). 
HgS is soluble in nitro-hydrochloric acid, not in HNO, or 
HCl; soluble in K^S , not in (NHJ^S . 

Hydriodic acid or a soluble iodide (the iodine ion) precipi- 
tates Hglj , yellow to red, soluble in excess of KI , forming 
KjHgl^ (and other complex compounds), used as a reagent 
(Nessler's) for detecting ammonia, also as a general pre- 
cipitant of alkaloids. 



^^viii^icLcij picuipiLaieu as ine oxiae 
presence of chlorides the dissociatioi 
so slight that precipitation will not 
the other hand NaCl solution reacts 
it gives opportunity for the formatio 
dated HgClj^ and an alkaline solu 
2NaCl + H^O = HgCl, + 2NaOH . 

38. With either mercurous or merci 
tion precipitates at first HgCl , white 
2HgCl, + SnClj = 2HgCl + SnCl 
2Hg + SnCl^; HgCl, + SnCl-, = Hg 
lie precipitate, warmed with HCl an 
rod, unites in globules of mercury. 
in solution of any mercury compound 
mercury, silver-white when dried and 

39. With heat all forms of mercury 
compounds of mercury, heated dry v 
give mercury carbonate, which decom 
of metallic mercury on the cool part 
oxides and most other compounds gi 
alone, but the halogen compounds n 
an alkali, otherwise they sublime unc 
NajCO, = Hg + + 2NaCl + CO^ 
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a mordant in dyeings is SnCl, > 2H2O ; also used as a reducing 
agent in chemical manufacture; butter of tin^ SnCl^^ and 
pink salt, (NHJjSnCle, are also used by dyers; mosaic gold 
is SnSj. Tin occurs in nature as cassiterite or tin-stone, 
impure stannic oxide, SnO, . 

41. Tin dissolves in hot HCl or very dilute HNO3 as the 
stannous ion, Sn", in nitro-hydrochloric as a tetravalent 
compound. It forms also, on dissolving Sn(0H)2 and 
Sn(0H)4 in alkali hydroxides, the anions SnOj" and SnO,'' 
respectively. Hydrolysis of the salts of these anions, that is, 
the tendency of the H • of the water to unite with the anion 
to form the non-dissociated acids HjSnOg and HjSnOj , which 
are insoluble, is counteracted by OH' , which reduces the H • 
concentration, to which hydrolysis is due (see §21). The 
salts of these, as of other very weak acids, are therefore 
stable in solution only in the presence of excess of alkali 
hydroxide. All the metallic hydroxides which dissolve in 
excess of fixed alkali hydroxide furnish examples of this. 

Salts of Sn" undergo hydrolysis in contact with water 
and require the addition of acid to hold them dissolved. 
Dilution with water causes precipitation of the white 
SujOCla , stannous oxychloride. Solution of SnCl4 contains 
the tin almost wholly as stannic hydroxide or stannic acid, 
precipitated by neutralizing with NaOH . 

42. Alkali hydroxides precipitate from solutions of stan- 
nous salts white stannous hydroxide, Sn(0H)2, which is 
capable of acting feebly both as acid and as base; it dissolves 
in excess of fixed alkali hydroxide, soluble alkali stannite, as 
NajSnOj, forming. Hydrolysis prevents the formation of a 
soluble stannite from Sn(0IT)2 and the weaker base, NH^OH . 

Dissolved carbonates precipitate Sn" as the hydroxide, 
hydrolysis being practically complete. 

Hydrosnlphuric acid and soluble sulphides, containing the 
sulphur ion, precipitate from stannous solutions SnS , brown 
(SnSj is yellow). The precipitate dissolves in yellow am- 
monium (poly)8iilplLide (not easily in colorless ammonium 



generator with HCl and test the solu 
or white precipitate (llg or IlgCl) 
presence of stannous salt. 

44. Stannous salts go over easily 
are ready reducing agents. Mercu: 
silver compounds (Ag*), ferric compoi 
and even the oxygen of the air will 
good test for tin based on this prop( 
KOH in excess to the solution, which 
other metals, filter, and treat cold \^ 
solution (1 vol. N/4 AgNOj to 15 vo 
present a black precipitate of metallic i 
Sb*" and As*" are likely to give the s 
Tetravalent tin must be reduced by A 
tin redissolved in HCl before adding 1 

45. Heated on charcoal with NajCC 
tin is easily reduced from its compoundi 
globules, a slight white incrustation o 

Arsenic. 

46. Common forms : Arsenous oxide, 
Fowler's solution, 1 per cent AsgOg in 
green and SchweinfnrfTi nr^^^rv,. — 
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being AsO,'" * and AsO/", respectively. As'" and As 

are also present, indicated in the former case by the fact that 
acid increases the sparing solubility of the oxide, and in both 
cases by the capability of precipitation as sulphide. 

48. HH4OH , KOH , and NajCOs do not precipitate As from 
its solutions. 

Solutions of arsenous compounds with H2S form AsoSg , 
remaining dissolved in the colloid f form unless a neutral 
salt or an acid be present. Delicacy 1 mg. As per cc. 
Alkali prevents the precipitation owing to the formation of 
soluble sulpho-compounds. The precipitate is almost insolu- 
ble in HCl , is dissolved by chlorine (nitro-hydrochloric acid 
or KCIO3 + HCl), forming HgAsO^ , and dissolves in am- 
monium sulphide (distinction from Copper-Group metals); 
also in ammonium carbonate (distinction from Sb and Sn): 
2H3ASO8 + 3H2S = A82S3 + 6H2O ; AS2S3 + lOCl + 8HjO 
= 2H3ASO4 + 3S + lOHCl; AS2S3 + 3(NH,)2S = 
2(XH,)3AsS3 . 

*The precipitates, as AgsAsOs, formed on addition of metaUio ions to the 
solution correspond in composition to the Ion AsO,'", and HsAsO, or HgAssOc 
Is therefore present in the solution, but It may be only in very small 
quantity. Which of the various acids (H* As,0«,H4 As^O*, H, AS9O4, etc.) capable 
of formation by the union of arsenous oxide and water, actually preponderates 
in the solution Is not known. Equilibrium obtains among them, requiring a 
certain concentration of each. Addition of excess of Ag* takes out that ion 
with which Ag* forms the least soluble compound ; the acids present readjust 
themselves, forming more of the ion removed, in order to restore the equili- 
brium. This is again precipitated by the Ag',and so the process continues 
until practically all the arsenic present has been transformed into the pre- 
cipitated ion and removed in that way, the changes taking place almost 
instantaneously. Precipitation of arsenic almost completely as Afr,AsOs 
therefore does not show that the arsenic waspresentto thatextentas IIjAsOa. 
The comi)osition of a precipitate (and the same is true of crystals obtained by 
evaporation) cannot be taken as e\idence of the composition of the solution. 
That substance separates in either case which is least soluble, and is further 
formed at the expense of other dissolved substances. 

tThe colloids (the word means glue-like), so called in distinction from the 
crystaUolds, which have a well-deflned solid form, are a class of gelatinous 
substances which have no fixed solubility in water. Their solutions are unlike 
solutions of other substances in some important particulars, and stand half- 
way between the true solution and the mechanical suspension or emulsion. 
They are as a rule precipitated by addition of an acid or a salt. Albumen, 
starch, the metallic sulphides, silica, and the hydroxides of iron and alumi- 
num are some of the substances that may take on the colloid form. 
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AsClj volatilizes on heating strong H 
ous compounds. 

49. Arsenic acid, H3A8O4 , forms salts 
phates in solubilities and in appcaram 
precipitates from HjAsO^ solution Asj^ 
full precipitation requiring several hour, 
gas in warm solution. Little or no 
first (distinction from arsenous compoui 
cipitation reduce with H2SO3, boil off 
pass in H2S . The solubilities of AsjJ 

Uagnesium salts (Mg"), in the pre 
salts (the ammonium ion) and N 
MgNH4As04 , white (distinction from 
silver salts, containing the ion Ag*, p 
reddish. Ammonium molybdate precipi 
nium arsenomolybdatc, resembling the ] 

50. Hydrogen generated in the prese: 
pounds forms gaseous arsine or arsei 
AsH, ,* easily decomposed bv lioat with d 
As , this reaction constituting Marsh's 
tecting as little as 0.001 mg. As . Obta 
hydrogen by treating granulated zinc w 
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•in the AgNOj, showing that arsenic is not present as an 
impurity in the materials used, introduce into the flask the 
sohition under investigation, which must be free from oxi- 
dizing agents, sulphides, or organic matter.* If arsenic is 
present a mirror of metallic arsenic will deposit in the tube 
beyond the flame (a) (antimony deposits both sides of the 
flame), while arsine escaping decomposition here will cause 
a black deposit of metallic silver in the AgNOg solution (b) 
(SbHa causes precipitation of black AggSb). When all the 
air has been expelled from the apparatus the tube may be 
withdrawn from the AgNOj solution, or disconnected and 
the escaping gas ignited. AsjO^ and water are formed. If 
now complete combustion be prevented by holding a cold 
object, as a piece of porcelain, in the flame, the spot of 
steel-gray metallic arsenic (antimony velvety black) will de- 
posit as soot (c). The spots of arsenic are soluble, antimony 
spots insoluble, in solution of sodium hypochlorite. 

(a) 2ASH3 heated = 2As + SH^ 

(b) A8H3 + GAgNOa + SHoO = 6Ag + IIsAsOg + 6HN0, 

(c) 4A8H8 + 30o = 4As + 6HjO 

Passing the gaseous hydrides into AgNO., solution separates 
As from Sb , the latter going almost wholly into the precipi- 
tate. To show the presence of As in the solution filter off 
the precipitate, remove excess of silver (the silver ion) by 
CaCU , and pass HgS , giving yellow AsoSg . 

HaAsOg + 3Zn + SHgSO, = AsH, + 3ZnS0, + SH^O 
H3ASO, + 4Zn + 4ILS0, = AsH, + 4ZnS0, f ^Kfi 
51, Metallic aluminum and strong solution of potassium 
or sodium hydroxide with arsenic compounds on boiling give 
AsHj , a distinction and separation from Sb . Phosphoric 
acid interferes, giving PH.. . The sulphide of arsenic may 
be used in this test. 

62. Arsenous compounds are oxidized to arsenic com- 
pounds, as AsaOg or HgAsO^, by HNO3, CI, Br, EHnO^^ 

•Organic matter may be dostroyod by HCl and KClOs or by HNOi. 
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54, t'omnuui foniifi; Metallic antimony in certain alloys; 
type-metal e.mtiiiii^ I'l.. Sb and Sn: biitLiimia-melal, Hn, Sh 
and Cu. Hutter «i iintimDiiy is Sbtl^; slihnitc. Wb.S^ , a 
blaek miiLeial n-si'inblin^' ;rra|".liilf. " bhiek nnlimoiiy "; liver 
of anlinnJiiy. K.SbS,; Kerrnes mineral. SbJ), and Sb„S,,; 
cnu'iis of aritinnmy. i SbJ.!, iin<I * Sb,S,; ^-olilen sulphide. 
Sb,,.S.; ■liirues' powder. 1 part ShJ),, l' purls t'a^(I'Oj,: 
tartiir emetic. |ioln-iitm aiLlinnnions I;nlr;ile. KSbOC,H,(),, . 

55. Anlinniiiy foniiii an aniimonous mid a very weak anti- 
tn.>nie katlu.)ii "wiih valence of lliive and the respectively, 
also the monovalent anions Sl.n„' ami SbO,' .-table only in 
the presence of f)TI ions; also complex ions with tartaric and 
oth.T aeids. Antimony salts in water imder;ro hydrolysis, 
the (Hr of the water eombiniii^' with Sb-" and preeipilating 
as basic salt. Tlie addition of II ■ in the form oF any (ilrong 
aeid prevents this by dccreasinir the concentration of OH'. 
See i:21. The solution in aci<iiilaled water is precipitated on 
dilution, in the presence of IICI as while SbOCI , soluble in 

•Fiirthor upon 8[icifa! rparlimiR nf ur-^ciiii' iismitilucl in tho clptcctinii of 
poijuiiisifcf tbp»JuHlitji(.ivDt'hcmk;il Atmlj^'isof Vristutt and Jgbiison. ttftti 
eatiion. 1901. pRlfCS 63 to 70. 
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tartaric acid owing to the formation of a complex ion (dis- 
tinction from Bi and Sn). See §18. 

66. Antimonous salts in solution contain the ion Sb • • • and 
give the following precipitates : 

Alkali hydroxides form SbjOa , white, not readily soluble 
in NH4OH , soluble in fixed alkali hydroxide, forming salts 
jjuch as NaSbOj , containing the monovalent ion SbOj' . 

Hydrosulphoric acid (the sulphur ion) from a solution not 
too strongly acidulated precipitates SboSg , orange, soluble in 
strong HCl , scarcely at all in ammonium carbonate solution 
(distinctions from AS2S8). The precipitate dissolves (in com- 
mon with sulphides of As and Sn) in yellow ammonium sul- 
phide, to form ammonium sulphantimonate, (NH4)3SbS4, 
from which acids precipitate orange SbjSg . 

The solution of Sh^^ in (NHJ^S to form (NHJgSbS, is 
exactly analogous to the solution of SbaOg in KOH to form 
KgSbO^ , the Sb compound in each case playing the part of 
an acid. The higher oxide of an element has in general 
stronger acid properties than the lower, and the same is true 
of the sulphides; SbjSg does not dissolve in (NH4)oS to form 
the corresponding sulphantimonite (NIl4)3SbS3 . Only when 
sufficient sulphur is present, as in the polysulphides, for for- 
mation of the derivative of the higher sulphide, is SbjSj 
soluble in alkali. The lower sulphide of arsenic, AsoSg , on 
the other hand, owing to the fact that arsenic is a more 
decidedly non-metallic (acid-forming) element than anti- 
mony, dissolves in normal alkali sulphide or in alkali hydrox- 
ide to form a soluble sulpharsenitc. 

57. In Marsh's test, conducted as directed for As in §50, 
the gas SbTTi is obtained, but less readily than with As, 
black metallic Sb being first precipitated in the generator. 

2SbCl, + 6Zn + SHoSO, = 2SbH3 + 3ZnS0, + SZnCL 
Passed into AgNO^ solution, black SbAg^ precipitates: 

SbH, + BAgNOg = SbAg, + SHNO^ 
The filtered precipitate treated with hot HCl gives SbClg and 
AgCl , the latter soluble in the strong acid. Dilute to pre- 
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^loljiiU's if the niatorial is in con; 
reduced metal reoxidizes readily to 

Bismuth. 

60. Bismuth forms a number of : 
of their low melting-point, as Woe 
containing 15 parts of Bi, eight of 
of Cd . It is found in nature as the c 
nitrate of bismuth, used in medic 
BiONOj; pearl white and flake whit< 

61. Bismuth forms a very weakly I 
salts on treatment with water hydrc 
of white basic compounds. To pre> 
the salts must be dissolved in dilute 

62. Hydroxide of fixed alkali or of 
the hydroxyl ion, precipitates Bi(OE 
excess (a separation from Cu if NH^O 

Alkali carbonate solution, contain 
OH', precipitates a mixture of Bi(0] 
subcarbonate of medicine. 

Hydrosnlphnric acid or a soluble su 
eipitates Bi^S^ , black. A soluble cl 
(ion CrO^" or CTjO/') precipitates b 
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84. Heated on charcoal with Xa^CO, Bi compounds leave 
the metal as little lustrous globules^ brittle under the knifi^ 
or hammer (the brittleness a distinction from Pb). An 
incmstation of oxide^ yellow when hot, almost white when 
cold, forms on the charcoal about the globules: 2Bi208 + 
3C = 4Bi + 3C0, . 

Copper. 

86. Common forms: Metallic copper, useful as a good con- 
ductor of electricity; brass, an alloy of Cu and Zn; bronze, 
gun-metal, bell-metal, alloys of Cu and Sn; blue vitriol, 
CuSO^, SHjO; true verdigris is a basic acetate; "copper- 
rust,^' sometimes called verdigris, is a basic carbonate; Paris 
green is an aceto-arsenite. 

Mineralogy: Copper is found native; and as chalcocite or 
copper glance, (^^UgS ; chalcopyrite or copper pyrites, Cu.S , 
FCaSg; bornitc or purple copper, 3Cu2S,Fc2S;, ; cuprite or 
red oxide of copper, CuO; malachite and azurite, hydraterl 
basic carbonates; and chrysocolla, a silicate. 

66. Copper forms the monovalent cuprous and the divalent 
cupric ion, the former unstable; it is also a constituent of a 
number of complex ions. The cupric ion is blue, the m^:.- 
dissociated salts are yellow; CuClj solution dilute is blue, 
concentrated green, the result of the mixture of yellow and 
blue; the green solution becomes yellow on addition of strong 
HCl or on heating, for the reason that either of these causes 
increases the proportion of non-dissociated salt. Copper 
salts, when dissolved in water, are hydrolyzed sufficiently to 
redden litmus. 

67. A cupric salt, with the ion Cu • • , is precipitated by 
alkali hydroxide (ion OH'), as Cu(0H)2 , dark blue to blacky 
insoluble in excess of fixed alkali hydroxides, easily soluble 
in excess NH^OH with formation of the kathion Cu(NH3)4" 
of intense blue color, a delicate test for Cu (delicacy 0.05 mg. 
Cu per cc): CuSO, + 4]SrH,0H = Cu(XH3),S0/+ ^H^O . 
Precipitation of the hydroxide is prevented by organic sub- 
stances containing the hydroxyl group (Fehling's solution). 
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S'lliilili' carbonates, which contain both CO," and OH' iom, 
lirmpiiJir ii iiiiMiire of carbonate and hydroxide, soluble in 
(Ml, I. (.'(I,; hydroaulplmiio aoid or a soluble snlphide (the 
ion S") jirL'L'ipiiatL-s CuS, black (delicacy 0.01 rag. per cc), 
slightly soluble in ammonium sulphide; ferrocyanides pre- 
tiiiitati.' Ijrowii CujFe(CN), (delicacy 0.01 mg. per cc); KI 
prmjiitatcs from cuprie solutions Cul, with liberation of I; 
KCN prt'cijiitaLus from solutions of Cu" caprons cyanidt*, 
CuCN , with evolution of cyanogen gas: 2CuS0, -|- 4KCN = 
rK'iiCN + (VS).. + 2K,S0, . The precipitate dissolves in 
excess of the reagent, forming the colorless cuprocyanide 
anion: CuCX i- KCN = ECutCN);; the solution contains 
copper ion.-i in ?uch slight concentration that they are not 
precipitated even by H,S. Anenites (Ah,Oj neutralized with 
allinli) prwipitate CuHAsO, , Schecle's prncn; frnm copju'r 
iicctiite siilntion the precipitate is copper aceto-arsenite, 
SuhweinfurLli green, Paris green. The i.reiliiitatc's dissolve 
in XH,011 iiii'l iire d.^.oniposod by [ixcd alkali hydroxides. 

68. A brijrlil iron wire or iiiiil or slriji of zinc imnnTsed in 
a soliilion of e..|ip(r sail receives llie red eimtinj; of metallic 
copper (delieuev ().(M18 inj;. per ee.): fuSO, + Fe =: Cil + 
I'eSO, . 

69. Heated on charcoal with Xii/'O., conpei' oonipojiids are 
reduced to finely divided frrains of the nielal: 3f;iiS0, + 
3N"a,C0,, + (• ^ -jCu - -i.N'ii.SO, + -■iCO, . 

For Ihe bead test, see S 248. 

Cadmium. 

70. Cadmium occurs in n.Tt\iro in eompariitively small 
(Hiantity, associated wilh -/.un-: with Bi , Pb iuid Su it is a 
eonslituent of Wood's metal; a eadmiuin nmalgani is used by 
dentists for filling teeth; cadmium .sulphide, t'dS. "cad- 
mium,"' or eadmia, is used as a yellow pigment. 

71. Cadmium forms a divalent ion, weakly basic, its salts 
reddening litmus in water solution. It,4 halogen salts, the 
iodide in particular, are less completely dissociated than is 
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usual with normal salts, and they therefore give precipitation 
reactions somewhat less readily than do the oxysalts. 

72. Alkali hydroxide solution (the ion OH') precipitates the 
Cd ion as Cd(0H)2 , white, dissolving in NH^OH with forma- 
tion of complex ions containing NH,; carbonate solution 
(the ion CO3") precipitates CdCO, , white; solution of HgS or 
of a sulphide (ion S") precipitates CdS , yellow, somewhat 
less readily soluble in acid than ZnS; KCN precipitates 
Cd(CN)2, white, dissolving in excess of the reagent to 
K,Cd(CN)4 (ions 2K- and Cd(CN)/'), in which, however, the 
concentration of Cd ions is great enough for precipitation 
with HjS (method of separation from Cu). 

78. Heated on charcoal with NajCO, Cd corjpouuds give 
the metal, which vaporizes and reoxidizes to a brown incrus- 
tation of CdO . 

Gold. 

74. Gold coin is an alloy containing about 10 per cent Cu 
for hardening; 18-carat gold is one-third Cu, the number 
of carats giving the parts of gold in 24 parts of alloy ; AuClj 
is used for toning photographs, metallic gold depositing; the 
*' gold salt " used in photography is NaAuCl^ , 2H2O . 

76. Gold acts feebly both as acid and as base. The ions 
Au' and Au*" are unstable and little known. Complex 
anions containing the mono- or trivalent metal form its most 
stable compounds. Pure gold does not dissolve in HNO3; 
an alloy with Cu or Ag containing not over 20 per cent Au 
is disintegrated by HNO3 , the Au separating as a brown 
powder. Nitro-hydrochloric acid or free chlorine forms a 
solution from which HAUCI4 (hydro-aurichloric acid) may bo 
crystallized, changing to AuCl, and HCl on heating. Further 
heating liberates CI , leaving AuCl . AuCl., is freely soluble; 
AuCl breaks up on contact with water: 3AuCl = AuCl, + 
2Au . KCN in the presence of air dissolves the metal (the 
cyanide process of extraction from the ore) : 2 Au + 8KCN + 
20, + 4H2O = 2KAu(CN), + 6K0H + H^Oj .* From 

•Ostwald, OmndUnien der anorganlschen Chemie, p. 754. 
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this solution iIk- metal is obtained by electrolysie or by pre- 
cipitiiiion witli i'lrn.-. 

76. Fixed alkali hydroxide (the OH' ion) precipitates from 
auric solutions Aii(OH), , yellow-brown, tormiiig with excess 
soluble auratcs. as KAuO,; HH,OE precipitates reddisb- 
yellow " fulniiiJiiting gold." The sulphni ion of H,S pre- 
ripitatcs limwn to black sulphides, AujS to Au^Sj, with 
milpliur, slowly I'olufale in alkali sulphide to eulpho-salta, re- 
precipitatt'd by aeid. 

77. Redncing agenti, as FeSO, and HjCjO^ , precipitate the 
iiielfil, brmm l<> violet; with SnClj the precipitate is the 
" purpk- (if C'iis.-ius " end carries oxides of tin. 

78. Gold r.imtpounda give the metal on heating. 

Platinnm. 
black is the iinely divided metal obtained by 
II s])ouge results on heating 
I'lalinum occurs in nature 



79. riiitin 
reduction from solution; plati 
Pt compounds, iis (NHja'tfl,. 
as metallic graius or nuggets. 

80. As in the ease of gold, thi 
ones, those containing tlic tetr. 
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tainiiiij tli. 
nc-entrated II.SO, 
H^PtCl^; this compound on 
(•], fo^uill^r PtCI,, mulily soluble in 
nipounils ^jivi' bv reduction the platinous, 
IK'! to HJ'tcf, , 

81. KOH givt's with IlJ'tCl, Pt(OH)j 
A'iOr, with MJ'ICl, 1h(> yellow <-rvstallin, 
fornii 



e the stable 

is insoluble in 
hloric dissolves 
rating gives off 
vater. Pliitinic 
s PtCL, soluble 



iny; ammonium .'o 
solulili- II..I'l('l„ 
H..S L'iv<>< i'tS or 
phid.s. 

82. Seduction i 
An), but results s 



lid i 



redissolving to 
K„rtCl„, one of 
the eorrespood- 
Ihat of sodimn 

piliited by KCl or NH^Cl . 

loivlv soluble in alkali sni- 



vel ubie. 
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with alcohol in alkaline solution (KsPtO,), the metal appear- 
ing in each case as a black powder. 

83. All Pt compounds on heating give the metal cCs poroui 
Pt-sponge. 

84. Analysis of the Silver Group (Fb , Ag , Hg*). 

To the solution add HCl, a drop at a time, as long as 
precipitation occurs; shake and filter. Reserve the filtrate 
for Group II. (§87). 

Precipitate : PbCl^ , AgCl , HgCl . 
Wash the precipitate, on the paper, with a little cold water, 
rejecting the wash-water; then treat with hot water. 



Filtrate, PbCi,. 

Tett separate portions with : 

HtS04, precipitating PbSO^, 
white, soluble in NaOU ; 

HtS, precipitating PbS, black ; 

K,Cr,0„ precipitating PbOrO^, 
yellow; 

KI, precipitating Pbis, yellow. 



Residue, AgCh HgCL 

Digest on the paper with a little 
warm dilate NH4OH. 



Filtrate, 

(NH,). AflfCl. 
Acidify with 
HNO,, precip- 
itating AkGI, 
white, darken- 
ing in light. 



Residue, 

NM.H^l +Hg, 

black. 

Basic Pb salt, 

white. 



85. To filter, fold the paper and place in the funnel (it 
should not project over the rim), moisten it, and fit it down 
to the sides of the funnel so closely as to make it air-tight. 
Filtration will be more rapid if the stem of the funnel cau 
be kept filled with liquid. A precipitate may be washed 
first by decantation, boiling up with water and then allowing 
to settle, and pouring the clear liquid upon the paper, dis- 
turbing the precipitate as little as possible. More water is 
added and the boiling repeated. On the filter, after the 
liquid from which the precipitate is being separated has 
drained off as completely as possible, water is run in a fine 
stream from the wash-bottle or, if hot, poured from the 
test-tube, around the rim of the paper until the precipitate 
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is covercii. Wlu-n tliis has drained away repeat the 
opLTatiim. Tf:^l ;imall portions of the wasli-water for the 
EubstaiK'f whitli ia to be removed and continue washing 
iiTilil ihL' WiitLT running off no longer gives this test. Hot 
WiilLT is more ellicacioua for washing than cold. For theory 
of Musliiug, si'f Oatwald, Scientific Foundations of Analytical 
Chi'tnistry, 2nd Ed^ p. 17. 

To dissolve a precipitate on the filter, add a small portion 
of Ihe solvent, which may in most cases be wanned, and 
rwi'ive in a clean test-tube or small beaker. An escess of 
the solvent is nearly always a disadvantage to eubsequent 
work. Giiinffing the receiver, the same portion of the boI- 
vent may be passed through the filter again and again till 
nearly ^iituraled. Finally the solution remaining in the 
paper miiy bi' >aved by wasbinjr it oiil willi one or two sniiill 
portions of wntor. To dissolve the precipitate in a test-tube 
(better where the solvent nets slowly): Pierce the paper wilh 
B iiointed f;lass rod kept for tlnil purjiosc, and vinse tbo pre- 
cipitate tiirougli int.. a (■Iciin test-tube: li.Te also the Siime 
portion uf solvent should he ])iit n-piMt-Mlly tli 



I the 



ith a fev 

test-tube and filtered t 



Th 



a^'h the filter, 
liquid is now 
e ])aper fiber 



86. Notes.^i.— The solution 


to be tested must not be 


strongly acid. Remove exeess b\ 


evapor^itioii. The ehloridcs 


are less j^oluble in dilute IICl tl 


an in water (sohd)iUty-pro- 


duct), but more soluble in conet 


ntrated IICI. owint; to the 


fonnalion of complexes, as H.\ 


sVl,. PbCL is about one- 


ninth as soluble in nnrnial llf 


as in water; with acid of 


greater eonceulration ils >olahil 


ty increases. 


?..— Preeipitation willi HCI i 


lay occur even though no 


SilveMirou). metal is ,,resenl. 


O\vehloridos of Ri . Sb or 


Su sonu'times foTui, readily diss 


living wilh more acid. In 


eoneeiitraled solution nioderalel 


soluble chlorides, as BaCL 


or HjrCl,. may preci|.itale. Th 


-e are soluble on diluting. 


Solution of metallic hydroxide. 


sulphide, etc., in alkali is 
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decomposed by acid, with precipitation. If HCl in slight 
excess fails to dissolve such precipitates they must, after 
filtering, be treated with other solvents and analyzed sep- 
arately. 

c, — Mercuric salts, with the ion Hg" , hinder precipitation 
of Silver-Group metals, the chlorine ion of the added HCl 
being taken up to form non-dissociated IlgClj . 

d. — If PbClg is not completely dissolved by hot water the 
addition of NH^OH will form insoluble white basic lead 
chloride. 

e. — If the ammoniacal solution comes through turbid filter 
it through a fresh paper. It is not advisable to pass it 
repeatedly through the paper on which Hg has been precipi- 
tated, for if Ag is present the following change may take 
place leaving Agon the filter: Hg + (NH3)2AgCl + ^HoO = 
Ag + HgCl + 2NH,0H . Avoid excess of NII.OH , as it 
dissolves NHjHgCl , which may be reprecipitated by HNO3 , 
simulating Ag . 

87. Analysis of the Tin and Copper Oronp. 

Neutralize the filtrate from Group I. with NH^OH, then 
add HCl until the acid is about N/2 (it must not be stronger). 
Heat, pass HgS gas, and filter. Reserve the filtrate for the 
Iron Group. 

Precipitate: ASaS, or ASgSg (yellow), SbgSg or SboSg (orange), 
• SnS (brown), SnSo (yellow), PbS (black), HgS (finally black), 
BijSs (black), CnS (black), CdS (yellow), S (white). 

Wash the precipitate thoroughly with HoS solution and 
digest with yellow ammonium sulphide. Filter. Reserve 
the residue for the Copper Subgroup. 

Solution : (NH J3A8S, , (NHJ.^SbS^ , (NHJ^SnSa . 

Acidulate with dilute HCl , filter and wash. 

Precipitate : Tin Subgroup, ASgSg , SbjSs , SnSo , S . 

Digest the washed precipitate in a test-tube with hot HCl 
(and if necessary a minute fragment KClOg) until the pre- 
cipitate is dissolved or decolored. Filter out any sulphur, 
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receive llie (ilHiiif (Hj,AsO, . SbCl^, SnCl.) in an evaporating 
disb. and hral In expel ehloriuLv Transfer to flask 
iug Zn and diliLtc HgSOf (Marsli apparatus) and receive all 
tlie fras (A:ill, . SbH,) in AgVO, solution. Filter the silver 
Boliitidii mid wash the precipitate. 



rating I 
ve all I 



H.'^i.hi.HiJlli.'uen- 


PrecipitBle fram ArNO,: 


Filtrate: H.AjjO, 


S.,!Twi.'znl. 


bbAg,, Ag- 


(.\g!(0„ HNO,). 


Ill fli>piirntc9 ns 


Trent on tbe filter witU warm 


Add CaCi, to 


pmjish, lenlh-^rv 


HCI. Dilnte ttie eitmtii 


diimpletely precl- 




(toprKlpitatoABCI). filler 


pitaloallTerCAg-) 


dlsBulTfi ILese In 


again U neceuarj, and tu 


SB the chloride. 


HCI and tefl 


□ne portion of tbeaoliitlnii 




-It), HrCI,, 


add H,8; an orange pre 


H^Sintoeilrale; 


ri-«'ipiltili"t-'HK. 


GiplUte fa Sb,8,. If the 


a jellow precipi- 


Etav. or HeCI, 


precipitate ta bla<rk(Ag,8) 


tate i.AB.B,. 


iMillp. Tfsl 


add to a attcoad portion of 




bj !;44. 


tlie (inhitioQ B droii of Kl, 
prerlpltatiDR A(£l; filter 
UDd Htld H,8. pptiDg Sb,H, 
ifSl,iM'>-'^-'i"-t. 





88. Notes.— 'I.— Before Ic^tiTij: fcir Second-(iroiii> luetal- 
make siiri' (if tlie iimiplete removal of tlie Silver (iroup by 
addiiij; hi Uie liltered ^..lulioii a dnip of 1U1 . Such a test 
should aUvay^ he made after a |.reei|.ilatir.ii. 

li.—.\ white prwipitrtte on adding; NJl,(.)il prepariitory lo 
piv(i|,ilatioii of this j;i-oii|, iiiiiy he iie^-leeled mid the H.S 
pii.<sed into tile lurhid iieid soluli'on : llie hydroxides no formed 









.'htel 



sohl- 



hililyofthe Utter. 

r.— ll is of the udnoi't importance that the solution con- 
tain liiil liftie mineral aeid wln'ii the Tiu and ('oi>|ut Cnnip 
is pnvipitated. .\ f-huu;' at the ei|uilibrium eipcition shoe's 
therfVrrt on the S ions of add ili.m of ".'X lit 'I. with [H"! = 
|>..r!.:,,i-1,:.1oII...S.wit!, I II- I -sayn.iioi. |n'| = fS"l- 
kI!l,St. |1I-| will he enonnoush iii.nasrd hy addition of 
the IICl. and IS"| mn-l de, rea>e corresponditiftly. Ihus 
maldii,- pre,i,iiiation nf siil|,lii,lrs .lilli.-nlt. for |"S"| is o!,e 
of the factors of th.. >ohdiililv-pn>diict of -nlphidc-. If not 
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removed here these metals will appear in following groups 
and cause confusion. CdClj in N/2 HCl is completely pre- 
cipitated by HjS; to prevent precipitation of ZnS the acid 
should be as strong as N/8. 

d. — A strongly acid solution saturated with R^S may give 
a precipitate of sulphides simply on diluting with water. 
This is due to the fact that HjS , like all feebly dissociated 
substances^ increases its percentage of dissociation very de- 
cidedly on dilution. Addition of water may in this way 
actually increase the absolute concentration of the S ions, 
while it decreases the concentration of the H ions of the 
strong acid, this also aiding the dissociation of the HjS . 

e. — Strong oxidizing agents if present are reduced by HjS 
with precipitation of sulphur. Ferric compounds, yellow, 
and MnO^', the purple ion of permanganates, thus become 
colorless, while CrjO^", the red ion of dichromates, is 
changed to Cr*" , green. 

f, — A white precipitate with excess of HjS is either S or 
ZnS; if the latter it will dissolve readily in HCl; in either 
case proceed to the next group after adding more acid. If 
zinc is precipitated with sulphides of this group it will 
appear as a white sulphide in the final test for Cd , from 
which it may be separated by the greater solubility of ZnS 
in HCl . 

g. — H3ASO4 requires heat and prolonged treatment with 
HjS for complete precipitation. 

h. — Mercuric salts (Hg**) give with HjS at first a white 
precipitate, becoming yellow, brown, and finally, with excess 
of HjS , black. Pb gives a red precipitate in the presence of 
too much acid. 

t. — If metals of the Tin Subgroup are absent, a perfectly 
white precipitate of sulphur is obtained with HCl from the 
ammonium polysulphide solution (it may appear yellow with 
insufficient HCl owing to the color of the ammonium poly- 
sulphide). In presence of Cu the precipitate is liver-colored, 
due to a slight solubility of CuS in ammonium sulphide. 
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Fixed alkali po I j' sulphide does not diasolve CuS and may be 
uecd iustL'iid uf lliu ammoniuin campound ii Hg is not pres- 
ent; it dissolvus HgS. 

j.—A trace of Sb goes into solution on passing the gas 
Sblli into AgNOj and gives with H.S a slight orange pre- 
L'i[iitati!, whii'li must not be mistaken for AsjS, . 

A-.^SIetallit- tin is not dissolved by acid so long as a more 
positive luctul, as zinc, is present. (See voltaic series, §27.) 
If the zinc if. allowed to dissolve completely the tin will then 
go inti] solution. 

I. — All and I't belong to this group and are precipitated 
in th<i nu'tiillic form in the Marsh generator. They are 
best identilif'i liv boiling the original solution with FeSOj . 
precipilatiu? both, then disBolving in nitro-hydrochloric acid 
and evaporatiiiir to drvncss on the watcr-bnth with NHjCI . 
Alcob(i) (lisi'olvf.'i NHjAiiCI, from the residue, leaving 
(NHJ,Pt<'l,. ivliiHi jrivcs mt-tallic Pt on boating. After 
driving olT tlii' alcohol .\u is precipitated as purple of Cassius 
with SnCl. and SnCL, 
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90, Notes.— H.— l'bCI, is so much more soluble than PbS 
that its siiturateil solution gives a decided precipitate with 
H„S . ir I'h is found in the Silver Group it must therefore 
bf found ill tlii^ j;roup also; or it may be found in this i 
gnni]> only, 

/', — Till! sulphur liberated on dissolving the Rulphidee in 
HNO, cnclosi'ri ii portion of them, giving even though mer- 
cury is not pnwut a black spongy mass which resista the 
action of acid. Tlic only safe procedure is always to diasolve 
liny black residue in nitro-hydrochloric and test for mercury ■ 
(the ion Ilg--). 

c. — If the HNO., is taken too strong some HgS will dis- 
solve; on adding NIT,OH the Hg" will give a white precipi- 
tate which blackens on addition of atannite, owing to forma- 
tion of Hg. Pb*' also, if not completely removed, will 
simulate Bi'" , precipitating with NH,OH as a white basic 
salt, reduced lo dark-c.il.ircd metallic Pb by stannitc. A 
drop of KNO, .solution (free froui VV) aids niiitcrially in 
dissolving the ^^ulphidcs by dilute UNO.,. 

rf.— PbSO. ii. decidedly" soluble in H\0„ . 1 cc. of the 
sfrenRth used here dissolving about 3 mg. PbSO,; it dis- 
solves al.so in NH,XO. solution and it is therefore necessary 
to remove all innmonium sulphide by thorough washing. 

e. — If the original soluliou contains Ba traces arc likely 
to adhere to the sulphides and give BaRO, on testing for Pb . 
The preeipitalc should be treated with NaOH , which dis- 
solves PhSO, luit no! HaSO, . 

/.—The precipitation of Cu2Fe(0N')„ is more delicate than 
the blue coloration with XTT.OTT . Od.,Fe(CN')« is white. 

91. Exerciaes with Ions of the Silver and Tin and Copper 
Gronps.* 

Carry out for each metal the reactions discussed in the 
text, writing equations for all changes. 
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Identify each metal (kathion) in a solution of its salt, 
treating it as an unknown substance as in the tables §§87 
and 89. Write equations as far as possible. 

Separate and identify the metals (kathions) in mixtures of 
solutions of the following salts, following the tables at §§87 
and 89 : 

Pb(N03)2 , AgNO, . PbCl, , HgClj . 

Pb(N03), , HgNO, . H3ASO3 , SbCl, (with HCl). 

AgNO, , HgNO, . CdClj, , HjAsO, . 

Pb(N08)2 , AgNO, , HgNO, . BiCl, , SbCl, . 
Pb(NO,), , Bi(N0,)3 , Cu(NO,), . H,AsO, , SbCl, , SnCl, . 

Test so-called chemically pure CUSO4 solution for As; 
SbCl, solution for As; HgNO, solution for Hg"; Pb(NO,), 
solution for Ag'; Hg(N0,)2 solution for Bi'" . 

Separate the bases (kathions) in the following mixtures, 
using methods other than those given in the tables : 

Pb-- from Ag- (with dilute HjSOJ. 

Ag' from Bi'** (with NH4OH); identify the Ag'. 

Cu" from Cd** (treat the sulphides with dilute HjSOJ. 

As from Sb " • (digest- the sulphides with ammonium car- 
bonate solution; test the solution and the residue for both 
Sb • • • and As). 

Ascertain the delicacy of the precipitation of Ag* with 
Cr , that is, the strength of the solution of AgNO, which 
will just give a perceptible opalescence with a drop of dilute 
HCl . Take 1 cc. N/4 AgNO, solution, add 9 cc. water, 
reducing concentration to N/40; test a portion of this with 
HCl; if a precipitate is obtained take 1 cc. of the N/40 
solution, dilute to 10 cc, and repeat the test in a portion 
of this N/400 solution; continue in this way until a solution 
is obtained which gives no reaction with HCl . How many 
milligrams of Ag per cc. of solution may be detected with 
HCl? 

The presence of how little Pb • • may be shown by precipita- 
tion with HjS ? 
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Dikilr ilir A;:Ml,, solution with N/2 Cd(NO,), BolutionJ 
in^li'iiil r)!' Mi!li Hiiter. How does this affect the delicacy? 
Why-' UsL' alMi IljiiNO,),; NaNO, . 

Find iiy fAin-fiiJiciit how HNO„ affects the delicacy of the 
priTLijilatioii uf I'b" with dilute HjSO,. The suitio for 
Ml.\(l,. 

Ilnw (l(>i'< .-nod,:.' IICI affect the delicacy of the precipita- 
ti.m .if I'll liy ir,s:-of As? 

Ar.fi.'rliLiii luiw lillle Ag* may be found in the presence of 
X, i I'll' ' , followiii;; the method of Beparation and identitica- 
lio!i jiivcn in llic tnble §87. How littlti Ag" in the presence | 
of \ ■• H^'NU.t:-' How little Pb" in the preeence of N/2 
BiV!? 
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Iron and Zino Oroops. ^M 


93. Groups HI. 


and IV.— Motals precipitated by (NHJjS . 1 


nnt by H,S in a 


:;id solution: Fe , Cr, Al , [SiJ, Co, Ni , ■ 


Mm iiiKi Zn, and. 


nf rarer occurrence; Sc , Y, La, Ce , Pr. H 


X.l, Sjri. Yli, V,a. In, Tl.Ti.Zr, Th , Cb, Ta , V. ■ 


TilL- ILR'UIS h.Tt 


( enumerated are more electro pOBitive (bat-e- H 


foriiiili^) ill I'lifir; 


ictcr than those of the preceding groups, H 


.-QlTLTiiig (jxiiialiri 


n more readily and undergoing reduction H 


frrjni Ibfir ciuiipi 


lunds with greater difficulty. Nearer the H 


]iO!*itivL' I'lidof til 


e voltaic series than hydrogen, they replace ^^ 


tlif Inttcr, dissolv 


ing in acidp, as HCl or HjSO^ , with evolu- H 


tioii ul hydrogen. 


They are still so feebly basic that their H 


ftalts in waltT s. 


ilution have acid reaction resulting from V 


hyilroly?i«. Tlu'\ 


■ are not precipitated by H,S from acid ^| 



solution (scimnition from tlii" pn^ceding gronps), but af- 
prccipitiitcd bv llic more complclelv dissociated neutral sul- 
phides. Thc'trivalcnt metals IV ,' .M and Cr of the Iron 
Group arc precipitated completely as hydroside* by NH,OH 
in the presence of Nil, CI . a useful reparation from the 
metals of the Zinc Group (Co, Xi , Mn and Zn). 



Iron. 

94. Wrought iron, as in fine iron wire, is the purest form in 
eomniyn use; f^teel contains a little carbon in combination as 
carbide, with JIii, ISi, etc., in very small quantity; cast iron 
contains more carbon, both combined and free, with variou> 
impurities. (Ireen vitriol is FeSO„7H.O, copperas; FcS 
is the material iiseti for generating IK!^ in the laboratory. 
Occurrence in nature: Tied hematite, specular iron ore. rouge, 
red oeher, arc ferric o.\idc, Fc„0^: magnetic iron ore or 
lodestone is ferroferrie o\ide, Fe,.0,; limonite or yellow 
oeher i.'i hydnited oxide: spathic ore. si.leritc, is ferrous car- 
bonate; iron pyrites is the .li>ulp!iidc. IV S, . 

95. Iron dissolves in HCI or in diliue 1I,S0, to the ferrnus 
ion, Fe"-; in IINMK to the ferric ion. Fe--. Holh are wcakl* 
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basic and their salts have acid reaction in water solution* 
The metal forms a number of complex ions: FeO^" of fer- 
rates, as Na2Fe04 , made by oxidizing action of halogens, is^ 
stable only in the presence of fixed alkali hydroxide; ferro- 
cyanides^ as K4Fe(CN)e, and ferricyanides, as K3Fe(CN)<,,. 
contain, respectively, the ferrocyanogen and ferricyanogen 
ions, Fe(CN)e"" and Fe(CN)e'" .* 

96. Ferrous salts, containing the ion Fc" when in solu- 
tion, are precipitated by alkali hydroxide (the ion OH') as 
Fe(0H)2, white when pure, usually greenish to black from 
partial oxidation, changing slowly in air to brown Fe(0H)3 . 
With NH4OH the precipitation is but partial, the ammonium 
salt formed decreasing the hydroxyl ion concentration so 
that a comparatively large concentration of the ferrous ion 
is required to give the solubility-product. 

Carbonates, containing the ion CO,", precipitate FeCOg , 
soon darkening from oxidation. 

Soluble sulphides, containing the sulphur ion in consider- 
able concentration, not H^S , precipitate FeS , black. 

Phosphates precipitate FeHPO^ with Fe,(PO J2 • 

Ferricyanides, as K3Fe(CN)e, precipitate ferrous ferri- 
cyanide, Fe8[Fe(CN)e]2, intensely blue, important as a dis- 
tinction from ferric salts, which give no precipitate, although 
darkening the solution or turning it green. K4Fe(CN)e 
precipitates K2FeFe(CN)„ , white, becoming blue from oxi- 
dation. Both these precipitates are insoluble in dilute acids 
but decomposed by alkalis. Sulphocyanates give no color 
with ferrous salts which are quite free from ferric. 

97. Ferric salts are to some extent hydrolyzed by water 
and their solutions contain Fe(0H)3 , dissolved in the colloid 
form, and free acid : FeClg + 3H2O = Fe(0H)3 + 3HC1 . 

* The ferrocyanldos and ferricyanides contain neither the ferrous nor the 
ferric Ion In appreciable quantity, as Is evident from the fact that they do 
not yield the ordinary reactions of ferrous or ferric salts. The Iron Is present 
in these compounds as a complex anion, Fe(CN)s, In the one case trivalont 
and In the other case tetravalent. Hence the possibility, as Ostwald points 
out, of using as a reagent for Iron a compound containin'T iron. 
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Tilt- irnii is mmplctely precipitated by a soluble hydrozidfl 
as rcd-lininTi !''''(0I1),; the precipitation is prevented by 
certain iirjjaTin' >ulwtance8 Buch as sugar, with which the 
ferric iini comlmics to form a complex. The precipitate 
witli tiolulili' carbonates contains but little ferric carbonate, 
praclicallv ronipl.'if hydrolysis taking place into Fe(OH), 
aTulCO,, .' 

H„S cniisL'^ rciliLction to ferrous aalt (the ion Fe") with 
pn.'cipilatidii of >iilphur only. Soluble aulpliides precipitate 
l''t'S . lihii-k. iiiiM'd with free sulphur. 

Phosphates jirn ipitate FePO, . white, scarcely soluble in 
iiri'iir :i( ill, !i i!i.-iiiiction from phosphates of the alkaline 
ctiriii iiu'liils, uliicli are soluble in acetic acid. 

Sulphocyanates, ns KCNB, form a deep red solntion of 
Fi'fCXSi, . ]ii-lir:n-y ca. 0.002 mg. Fe per cc. The color is 
due In i!n> iiijii-ili!-snciated pubstanee and is intensified by 
agi'iit- Hliii-li dt'iTi'jisc the dissociation, as KCXS in excess. 
Acid J(i|.>iisiti,-< ihc color hv prcvcTitiuf: hvdmlvsis. UgCL . 
on the other hand, dcslrovs the color bv f.mniii- ihc non- 
dissociated ll-ir\S),. Sueh .alts as Xn.SO, wciiken the 
color by liiNin.ii up ^-m,- nt tin- iron as l'"e_,|S(\), , 

Ferrocyanides precipitin' riec]! l)hir iVrric ferrocyiinidc. 
Fe,|Kr|r\)J^. pr!i.--ijii hliir. ins.^hihlc in dilute ncid. dc- 
conipiiH'.I hy illkuli^;. 

Solui^le acetates, as Nat 'J 1,0,. wiih ferric s;dts in neutral 
or sli^'hlly acid Mdiitimi r..nii ferric ;u-etiito. jriving a dull- 
red rolnrl.. Ilie lM]ui-i uilli->ul prrci|iilntiAii. linisirs the 
teini.cniture, wliich idwiy- inrnn-cs livdrolysis. ciuises the 
Ki'(i;ii'jiiiiiii III' ii l)asic ferric aectalc. Tannic acid ;ind tincture 
of galls jireeipilal.- hhic-hliicic f.Trie tannatc. formerly cxtcn- 
sivelv ii-^ctl for black ink. Salicylic acid jrivcs a deep violet 



, Trr 



-alts 



vaporizes nndcornpo^ed at a ]it 
the air on charcoal both ferrni 
converted to Fe,0, . attracted 1 



i.n^ed by heat; Fe('l, 
,e 100° C. Healed in 
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99. Distinctions between Fe' * * and Fe" . 



Fe-. 



Fe-. 



Ferricyanides (Fe(CN)e'^^) 
Perrocyanides (Fe(CN)/^^0 

Snlphocyanates (CNS^) 
Carbonate8(CO/^and OH^) 

Cyanides (CNO 



No precipitate; 
green color. 

Deep bine pre- 
cipitate. 

Red solution. 

Fe(OH), pre- 
cipitated. 

Fe(OH), pre- 
cipitated. 



Deep blue precipitate. 

White precipitate, be- 
coming blue. 
No change.* 
FeCO, precipitated. 

Ferrocyanide formed 
with CN^ in excess. 



Oxidizing agents change Fe " to Fe * ** : 

HNO, 
Cl water 
Br water 
KMn04 



Gives off brown gas. 
Is deodorized. 
Is deodorized. 
Is decolored. 



Bedncing agents change Fe"* to Fe** : 



H,s 

H,80, 



Is deodorized with precipi- 
tation of 8. 
Is deodorized. 



* Ferrous salts on standing give some reaction for Fe*** owing to slight 
oxidation. 

The student is recommended to carry out these processes 
of oxidation and reduction, testing for Fe • • • and Fe • • before 
and after the operation. 

Alnminnm. 

100. Aluminum, made electrolytically from bauxite, an 
impure oxide-hydroxide, is in use as the metal and alloyed 
with 10 per cent copper in aluminum bronze. Potash alum, 
crystalline, is KA^SOJa, I2H2O; ammonia alum, the com- 
mon "alum,'^ used in cheap baking-powder, NH4Al(S04)j, 
I2H2O; concentrated alum is Al2(S04)3; this and the alums 
are used as mordants in dyeing. The varieties of clay are 
hydrated aluminum silicates, formed by action of weather on 
the feldspars, which are double silicates of aluminum with 
K, Na and Ca. Corundum, sapphire, oriental ruby and 
emerald are AI2O3. Emery is impure AljO,; turquoise is a 
phosphate; cryolite is NajAlF^,. 
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101. Aluiiiiiiiiin forms a trivalent kathion very weakly \ 
baeic, ami a]so veak anions, AlO^' and AlO,'". It forma 
further toDiples joiin with acids, sugar, glycerine, and other j 
organic fonipmuuiri containing the hydroxyl group, and ita 
pn'd])itatinn a> hydroxide is prevented by the presence of , 
lhesi< siiUliiuies. 

102. Alkali hydroxide (the ion OH') precipitates aluminum j 
suit,- (tho ioTi Al"-) from Botution as gelatinous A1{0H), , 
snluM<> in ii.\('(l iilkalis to form NaAlO, or Xn,AIO, with the j 
feeble nni.ms sKH)./ or AlO/". Hydrolysis of the Baits of 
tht'st- iinidiis can hi' prevented only by the presence of the 1 
ion Oil' in exce-^^. Such a solution of Na^AlO, in the | 
presuiiL'c iif N^lllt is therefore destroyed by Bmmoniiuil salt j 
(the ammonium ion), which takea up OH ion lo form non- | 
ili^isnciiilcd NII|<H-| , and causes the prefipitiitinri by b\ 
lysis of Al(OII),. which here acts as a weak acid. In the 
same way the sli;,'bt solubility of Al(OII)., in NH^OH U 
decrenmi by the pr,-('ii,i' of Nil,-. 

When a solublt' sulphide or carbonate is aililcl to a solution 
of alumiiuini suit the precipitate, owing to liydrolysis, is 
almost pure Al(OH).i , II;S or CO, being liberated. HajSnO, 
gives the same precipitate, the IL^^.O, formed breaking ii]> 
into SO, , S iiud ILO: Ibis is a sei)aration from iron. 

Soluble phosphate (the ion PC/") precipitates AlPO, . 
soluble in fixed alkali bydroxiilo. not in tliliite acetic acid. 

103. Before the blowpipe on charcoal with Na„CO, alumi- 
num coniiinunds leave Ihe oxide, not reducible to the mct.-il 
in Ibis wuy. The oxide iiioistcm^d with Co(NO,)^ solution 
and stronfily healed ladies on a blue mlor. 

Chromium. 

104. rbmuiic oxide. (■r.O, (chrome piveii). ;md lead 
dirodiiue. I'bCrO. (chrome yell.nv). iiiv used in iwintinji; red 
chromate of potasli is polussium diehroniale, X.,Cr„0_; yellow 
chromate of pota.-^h is |)otii>siuni ebromate. K.CrO^; chrome 
alum is K(.'r[SO,},.iaH„0: K^CrJi, is used in tunning: CrO, 
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is used as an oxidizer. Chromium is found in chrome iron 
ore, ehromite, CrjOjjFeO . 

106. Chromium forms a violet basic ion, Cr***, and also 
certain kathions of green color which contain acid radical 
as well as metal. Corresponding to these are the violet and 
green modifications of the solid salts.* It forms further 
the divalent acid ions CrjO^", red, and CrO/', yellow, de- 
rived from the oxide CrOg, the former stable only in the 
presence of H • , the latter only in the presence of OH' . 
Organic compounds, as in the case of Al , form complex ions 
from which Cr is not precipitated by the usual reagents. 

106. Solutions of chromic salts, containing the ion Cr*", 
are precipitated by soluble hydroxides (the ion OH') as 
chromic hydroxide, Cr(0H)8 , green, forming with excess of 
fixed alkali hydroxide an unstable solution from which 
Cr(0H)8 deposits slowly in the cold, rapidly on boiling. The 
precipitate is slightly soluble in NH4OH, reddish chrome- 
ammonium ions forming. As in the case of Al the pre- 
cipitate with carbonates and with sulphides is hydrolyzed 
and consists almost wholly of Cr(0H)8 . Soluble phosphate 
(the ion PO/") precipitates CrP04 , insoluble in acetic acid ; 
oxalates cause no precipitation. 

107. Chromic compounds are oxidized to yellow chromate 
by fusion with ENO3 or EClOg , or by boiling with HNO, and 
EClOg . The change is characteristic and is used for detec- 
tion of Cr , the chromate being identified by precipitation of 
PbCr04 in presence of acetic acid. 

The chromate ion, Cr04", takes up H ions to form the 
dichromate ion: 2Cr04" + 2H- = Cr^O/ + H^O. Addi- 
tion of acid to a normal chromate therefore changes it to the 
dichromate. CrOg dissolved in water forms dichromic acid, 

*Cr, •804)8 hratod with H3SO4 forms chromi-sulphurio adds which g'ivo no 
precipitate with Ba salts ; from freshly-prepared solution of grreon chniraic 
chloride but part of the chlorine is precipitated by AsrXOg. On standlnfr, the 
violet Ion forms slowly from the green, and so the ordinary srreen solutions 
give the reactions for Cr**. The violet CrOls, prepared by sublimation. Is dis- 
solved with difficulty by water. 
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H,Cr,0,, ani! but little chromic acid, II,CrO. . With the 
hydmxyl ion, on tiie other hand, the dichromate iou reacts to 
form lliL' noriLial Lliromate ion : Cr,0," + 20H' = 2CrO," + 
KjO. Alkali tluTcfore forms the yellow normal chromate 
from thi? Tvil diiliromate, 

A sdliiblu chromate (the ioa OrO,") gives with lead salts 
(ion Pb') a yi'llmv precipitate of PbCrO^; with barium salts 
(ion Ba-'], Ii>L(.'rO, , light yellow; with silver salts (ion Ag"), 
Agl'rOj, (lark ruddieh; with meroarons salts (ion Hg*), 
H^^^t'rO,, lirifk-red. Solutions of dichromate contain suRi- 
cJL'iil of till.' CrO, ion to give the same precipitations. 

108. L'linjnialfs are deoxidized to the green chromic salts 
(inn Cf") \i\ H.S in acidiiUted solutions (as in precipita- 
linii of ilic Tin and Copper Group), with separation of 
i-iil|(hur; ammonium sulphide reduces the chromate and pre- 
cipitalcs Cr(nir),: KjCfjO, + 31I,S + 8HC1 = 2CrCl, + 
I'KCl + ns -t- 71L0. 

In iiiialysi!^ of a s<^lnlion eontaininp elironiate, it is be-l 
reduced l.y hoilin;: with alcohol in llfl solution before llic 
Tin and ('opptT (iroup ])reci|.itation is made. IICl alone, 
ivheii concent I'afed. Hill cause this reduction 

fiirr'i = Cici, + -.'Ki'i + ;!ci + 411,0. 

Ferrous s;ili (ion Fe"* reduces cliroinatc. a 
plovcil ii) tlie volunirlrie cslilnation of iron: 
filVCI, + 14!iCI =- '.H'Kl, + liKeCl, + SKl'l 

109. Clii-oniatcs and most oiluT Cr eonii.onn 
charcoal, leave a j^recn mass of chromic o\ide, Cr^O-, . For 
bead tot ^ee i;248. 

110. Analysis of the Iron Group (Group III.). 

(Tn iil.senee of T'h.>-,iilnites. etc.) 
!5oil the filtrate from Gmuv II. in an open dish to expel 
H,S, add a IVw drops of HNO., . :ii.d boil momentarily to 
oxidi/.e Te-- . Imnieilintelv add NH,CI and e\cess NH.OH . 
If a i.reeipitate orrnr> filter and wash, re-ervin- the filtrate 
forlbe Zim- Ovoup. 



KJ'rO, + 



-H :ii,o. 

Is, heated t 
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Precipitate: Fc(0H)3 (brown), Cr(OH)s (green), Al(OH)a 
(white). 



Dissolve a portion in UNO,, add KCIO, crys- 
tals, and boil to small bulk. Dilute and add 
NM«OUin slight excess. Filter and wash. 



Precipitate: Fe(OH),. 
Dissolve in HCl and 
add KCNS. A blood- 
red solution, 
Fe(CNS),. Test 
the original solution 
for Fe** with 
K,Fe(CN)e,forFe-' 
with KCNS (§99). 



Filtrate: (NHJ.CrO^ 
Acidify with acetic 
acid and add load, 
acetate. A yellow 
precipitate is 
PbCrO^. 0.002 mg. 
Cr may be detected 
in this way. 
Cr(OH), may also 
be oxidized to chro- 
mate by fusion in 
the porcelain cruci- 
ble with KNO, or 
KCIO,. 



Boil another portion 
with very dilute 
NaOH solution. 
Filter. 

Filtrate: NaAlO,. 
Acidify slightly with 
HCl and add 
(NHJaCO,. Oraddto 
the alkaline solution 
NH«C1 in excess and 
boil. A white pre- 
cipitate is Al (OH),. 



111. Notes. — a, — Iron is here present, owing to the reduc- 
ing action of HaS, as Fe", which is incompletely pre- 
cipitated by NH4OH in the presence of ammonium salt (the 
ion NH4*). Oxidation to Fe*" is therefore necessary. 

h. — For oxidizing Fe" but little HNOg should be used, 
and boiling should be brief to avoid oxidation of Mn" to 
Mn • • • . Mn • • • if present will be precipitated as a brown 
hydroxide by NH^OH . Co"' may also be precipitated with 
the Iron-Group metals. 

c, — A few drops of NaOH solution in 15 to 20 cc. water 
will dissolve sufficient A1(0H)8 ^^r identification. An excess 
of NaOH attacks the filter-paper, making filtration difficult 
and dissolving SiOj , which, is easily mistaken for an Al 
compound, as it gives a white precipitate with HCl and 
(NHJ^COg , or with NH.Cl . 

d. — Pb , Sb or Sn , if not previously completely removed, 
will give reactions similar to those of Al . 

e. — Cr(0H)3 is slightly soluble in NH4OH to a pink solu- 
tion. It is reprecipitated by boiling off the excess of NH4OH • 
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112. Exercises with Ions of the Iron Group. 

Obtain tliu rt'iR'tions of each kathion ant! of CrO," sepa- 
ratyly, lollotting Ihe text and writing equations. 

Take a soiiitiini uf each and identity the metalj followipg 
the table at §110 for unknown substances. 

Make the following Beparatione: Al"' from Fe'" ; Al'" 
from Ct" ; Cr"' from Fe"* ; I'b" from Al"' ; Sn" from 
Al--- ;Sb--- from (>•■• . 

Add a drop (1/20 cc.) of N/-2 A!"- solution to 10 ec. N/2 
FeClj solution and test for Al , following the table at §110. 

Add a drop of N/2 Cr"'' eolntioo to 10 cc. FeCI, solution 
and test for Cr"-- , following the table at §110. 

Separate Cr"'" from Fe'"" by a method other than that 
given in the table. 

Ascertain the delicacy of the tost for Fc' ' with K,Fe(CN),. 

Make pure FeClj from metallic iron. 

Cobalt. 

113, Cohnltous oxide, CoO, is used for coloring glass, the 
silicate of cobalt formed being deep blue; zatTer is cobalt ore 
roasted, employed for t!ie smiie purpose; the blue glass used 
to absorb yellow sodium light is cobalt glass; suialt is such 
glass powdi-red. used as a pigment, cobalt iiluc. Sympathetic 
ink, i>Lile pink wben cold, blm^ when warm, is Co(.'L solution. 
Thenard's blue is a pliospliale of (.'o an.) Al . Speiss is an 
impure arsenide of t'o ;ind Xi oliluined in the process of 
smelting. Smaltile is arsenide of Co and Xi: cobaltite, 
CoAsS; copper nickel. XiA- ; ganiierite. nickel silicate. 

114. Oobalt forms an unstable Irivalent ion. Co"", the 
Bolution of whose salts is green in color, and n divalent rose- 
red ion Co"" , whose n on -dissociated salts in solution are blue. 
CoCU solution, r.-d when cold, becomes blue on a<ldilion of 
CI' (HCl or XaCI) or on healing, due in both eases to the 
formation of non-dissociated salt. Cobalt forms complex 
ions very readily, those with ammonium in particular being 
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of great variety. The analytical distinctions between Co 
and Ni depend for the most part upon the fact that Co is 
more readily oxidized than Ni to the trivalent form and less 
readily reduced from that form. 

116. Co" is precipitated by soluble hydroxides (the ion 
OH') as blue basic salt, changed by heating to Co(OH)2, 
rose-red. The precipitate dissolves in NH4OH or in NH4CI . 

Sulphides (the ion 8'') precipitate CoS, black; HjS causes 
a slight precipitation in solutions not acidified. The sul- 
phides of Co and Ni are peculiar in that acid which is strong 
enough completely to prevent their precipitation will not 
redissolve them after precipitation.* 

Carbonate solutions precipitate a mixture of hydroxide and 
carbonate. 

116. Cyanides precipitate Co(CN)2 , easily soluble in excess 
of the reagent, forming a red cobaltocyanide, analogous to the 
ferrocyanide, but decomposed by acid with precipitation of 
Co(CN),: Co(CN), + 4KCN = K4Co(CN)e, 

If but a drop or two of HCl is added and the mixture 
heated for some time, a colorless cobalticyanide results, 
analogous to the f erricyanide : 2K4Co(CN)e + 2HC1 = 
2K,Co(CN)e + H, + 2KC1 . 

From this solution acids cause no precipitation, a distinc- 
tion from Ni . 

Co" i^ slowly oxidized, when warmed with ENO2 and acetic 
acid, to a cobaltinitrite, K3Co(N02)e , which separates after 
long standing in the form of yellow crystals (distinction 
from Ni). 

Cobaltous salt (Co") warmed with excess of NaHCOj (the 
solid) and H^Oo is oxidized to an unstable soluble green com- 

* A similar case Is the behavior of Ca3(P04), toward acetic acid ; acetic acid 
prevents the precipitation of Ca3(P04), and yet if the precipitate be produced 
in neutral mixture and acetic acid then added solution does not take place. 
This is due to the change of the amorphous modification of Ca«(P04)s, which 
is first precipitated, to a crystalline form, an amorphous body being always 
more soluble than the same substance crystalline. It is not known in what 
way the OoS and NiS become insoluble. 
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pouuJ, tliL' color lii'ing more readily detected after filtration. 
This is a deiit-iito iL'st (0.02 mg. Co. in 1 cc), not affected by 
tht presfDff of Ni. 

Nitroso-,9-naphthol dissolved in 50 per cent acetic acid pre- 
ci|)it;itcs a foliiillii' ctimpound, brick-red, from Co" solution, 
neutnil nr ,u-l<]ll\vd with HCI or H,SO, , a good separation 
froTt) Ni. 'I'hv jUL'tipitate must be further tested for Co, 
iiH ilii' R'ii,i,'r(ii ;jliiiic may form a precipitate. 

117. Coliall ((niiiiimnds give a blue color to the borax 
bead, ii drliciih' lr<t. masked by much Ni . Heated with 
\iu('(l, on charcoal ii magnetic maKB ia obtained (CogO^). 
Miuiy iiii^liillic o\j(irs moistened with Go(NOJi solution and 
heatod take on I'hanicteriBtic colors, useful in their identifica- 
tion before the lihiwpipo. 

ITickel. 

118. Nickel is used in the form of an electrolytically 
deposited coaling to protect more readily oxidizable metals; 
as a coniititueiit of (ierman silver (copper, 100 parts; nickel, 
40 parts ; nine. I G parts) and other alloys used as a foundation 
for Kilver-|)latiiitr. Nickel occurs in nature always associated 
with cobalt; owing to the similarity of their chemical be- 
havior the two metals are separated with difficulty. In fact 
the salts of cither as ordinarily obtained on the market are 
not free from traces of the other. 

119. Xickel forms the green divalent ion Ni' " and complex 
ions in considerable variety, those with ammonia being most 
importaut. 

Soluble hydroxides (the ion OH') precipitate >Ii(OII)-. . pale 
green, sohilile in excess of ammonium hydroxide and also in 
ammonium salts, forming complex kal'hioiis as Ni(Xn;,)." 
and Xi[NTl,)/' - 

Sulphides and H„S act with Xi as wifh Co. The pre- 
cipitated carbonate is basic and of green color. 

Ni-- treated willi a cyanide, ns directed in §116 for Co. 
precipitates as Ni(CN).,, redissoiving as R:;Ki(CN)^ . On 
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tflightly acidulating and digesting hot no oxidation occurs; 
a little dilute acid now decomposes the nickelocyanide with 
precipitation of Ni(CN)2 (separation from Co), the precipitate 
easily redissolving in excess of acid. 

120. NJ" is oxidized by CI or Br in alkaline solution to 
black Ni(0H)8, reducible by KI with liberation of iodine. 
Co(OH)8 , similarly precipitated, does not affect KI . This 
constitutes a very satisfactory test for Ni, even in the pres- 
ence of large quantities of Co . 

121. Ni compounds color the borax bead in the oxidizing 
flame red when hot, yellow-brown when cold. Heated with 
NaaCOj on charcoal metallic Ni is produced, slightly attracted 
by the magnet. 

Manganese. 

122. Manganese dioxide, MnO, , black oxide of manganese, 
is used as an oxidizing agent, to liberate CI , Br and I , in 
manufactures and in sanitary measures; it is employed in 
glass-making (glass-makers' soap) for removing the green 
color caused by ferrous compounds; potassium permanganate, 
KMnO^, a salt dissolving with brilliant purple-red color 
(Condy's liquid), is of application for its oxidizing power in 
analysis, in medicine, and for disinfecting purposes; it is 
deoxidized and its solution decolored by HoS , II2SO3 , H.^CjO^ 
and other reducing agents. Ferromanganese and spiegel- 
eisen, alloys with iron, are used in steel-making. Borate of 
manganese is added to varnish to hasten drying. Pyrolusite 
is MnOjJ psilomelane and wad contain manganese in the same 
form, with other substances. 

123. Manganese forms the pale pink divalent ion Mn' * , an 
unstable ion Mn"* , and two anions having the composition 
MnO^, one the green divalent anion of the manganates, stable 
only in the presence of alkali (the ion OH'), and the other 
the purple monovalent ion of the permanganates. 

124. Mn" is precipitated by soluble hydroxides (the ion 
OH') as Mn(0H)2 , white, becoming brown in air by oxida- 
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tion. With NH^OH the precipitation is incomplete, as in the | 
fuse of i-\'" . 'i- \,, and when aramonium salt (NH,") has I 
hi.iL'11 addril ]in'\ nniely does not take place at all. 

Snlphidea (,Lhe sulphur ion) precipitate MnS , flesh-colored, j 
nohihle L'vcu in Lui-iic ucid (dietinctiou from ZnS). 

Carbonates (ilic CO, ion) precipitate MnCO,, white; pho»- 1 
pliatL's precipitate .Mn,(PO,), . white. 

125. Mif is oxiilized by Fb,0, or PbOj, in the presence oti 
a fairly t-oncentriilid non-reducing acid, as HNO, or H,SO^,.1 
111 pcrniangiiriii' iiiid (the ion MnO,'), purple. Fiiwd with ' 
alkfiii t'iirl inn lite (nr liydroxidt') and an oxictizinf agent any 
llji r'>ni|iinnid forms the bright green manganate (aa J 
NiL^Mnilj. 'Dic^i' testa are of about equal delicacy. 
;iMn(iHi), f Nii_,fO, + 4NaN0, = 

3\n„Mnn, + 4X0 + CO, -{- 311.0 
SMn(OH), + .''Ph,,!), + 30nXO, = 

■'lIMnO, -h l.)Ph(XO,), + liJH.O 

126. For bead i.^^l^ m-u S248. 

Zinc. 



(Up[iing iron into 
i,- Ti-i'd in u paint; 
while vitriol: the 



128. Zine t 



:idos of 
a weak 



,^ with >i->]iiM.- hydroxides if ZinOIIl.. . while. rrili-;!:f.Ivinj.' 
!i e.\iT^^ .if thr r,ML'i-iii i<^ I'onii in the ea-^e of the (ixe.! 
ill! hvavx^d.- ill.. ;iiiioi. ZiiO." and in the ,m-.' of XH.OH 
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certnin complex katliioiie. Hydrolysis of the alkali zincato 
(NujZnOj + 2HjO ^ aNaOH + H,ZiiO,) is increased by 
heating, which may result in precipitation of the hydroxide. 
Zinc sulphide, ZnS, white to gray, is precipitated from alka- 
line or dilute acid solution by the anlphnr ion of soluble 
ralphidei or liydronilphnrio acid. Carbonate solution 
precipitates a mixture of hydroxide and carbonate, white, 
soluble in NH«OH. PhMphates precipitate ZnHPO/, 
white; ferrooyanides ZnjFe(CN),, white, and ferrioyanldea 
Zn,[Fe(CN),]j, yellowish. 

130. Before the blowpipe on charcoal with NdjCO, Zq 
compounds are reduced to the metal, which vaporizes and, 
undergoing oxidation in the air, settles as a coating of ZnO , 
yellow when hot and white when cold. This coating, or 
ZnO from any source, moistened with Co(NO,)j solution and 
heated takes on a green color. 

131. Analyna of the Zino Group (Oronp IT.). 
Into the ammoniacal solution pass H,8; if a precipitate 
appears, warm, filter and wash, reserving the filtrate for the 
following group. Precipitate : CoS (black), NiS (black), MnS 
(flesh-colored), ZnS (white). Treat on the filter with cold 
dilute (N) HCl . 



Residue : 


Cos. NIS. 


Solution: 
ZnCl,, HnCI„H,8. 


For Co toi' In the 


For Nl dlBiolve Id 


Boll toeipelH,8. Cool 


borax bead. If Ni 


HNO,, evBporate 


and add NaOH In ex- 


U In Uree eicexs dlB. 


eiCCBBOtBcill, tri'llt 

with Brwatt^r and 


cess. Filter. 


solve ibeEulpUldci Id 






HOI Willi a drop of 


NaOH and bnll. 


Precipitate: 


Solullon : 


HNO,, precipitate 


p'p'llug NKOH).. 


MrilOH),. 


NB.Zt.O,. 


Co with nitrobo-,? 


block. Wash tbe 


Bnll with 


Add H,ft, 


napbtliol, aod teat 


precipitate very 


PB.O.and 


Acravlsli- 


thisprcclpltateln the 


thoromtbly aud add 


HNO,i let 


while pre- 


bead. Ur dissolve tbe 


to 11 OQ the paper 


settle. A 


cipitate. 


BDlphldBi In HNO, 


bot dilate KI solu- 


violet 


ZnS. 


ftDd trent witb 


tion: acidify the 


Bolution. 




NaHCO, and H,0, 


filtrate. It Nt la 


HHiiO,. 




(SUB). 


present 1 will be 
Ubereled, yellow In 
water, violet In 
C8, solution. 
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132. Notes. — a.— A black precipitate, readily solnble in 
IK!1 , is likflj- lo lie FeS , not removed in the Iron Group 
owing to insuHiuLciit oxidation. Second Group metals not 
prt'vioiiBly taken iiiit may also precipitate here. ' 

/(. — The separation of ZnS from CoS and NiS by treatment 
wiUi IR.'I is inexiift as acid strong enough to dissolve ZnS 
will dii^solve trtiucs of CoS and XiS, which precipitate aa 
hydroxides with NoOH. The pink color of Co" must not ' 
be mit'laken for JlMnO. . 

r. — The preeipjintcd Ni(OH), must be washed with hot 
water until the Wiittiings are perfectly free from alkali (teat 
with lilnnii'-papor), otherwise the liberation of iodine wiUJ 
be prevented. 

d.^If II._,S is not expelled before the separotion of Zn^ 
and Mn, Zn will precipitate as the sulphide instead of dis- 
solvini;. The iilkiiline solution must not be heated, as higher 
tcmpLTaturc imrcasi-s liyilnilysis pre<'ipitii1in;: Zii(OH)„ . 

e.— It is well to wash precipitated sulpliitlt's, us in this 
group, with water contiiiiiin^ an electrolyte, as XH,C1 , which 
prevents their ilissolvin<i as colloids, 

/. — The Iron iiiid Zinc (Ironps are sometimes precipitated 



tOReth. 
.M'ter 



Thy Nll/)ir and (NIlJ.S in tlu 
lissolviji-r all hut CoS ;uid NiS 
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table for analysis of those groups, 
nielhofls. 

,^.— ITl^ohlhle salts. ,is phosi-lmles. oxalates, etc.. of bases 
of Groups III.. IV. and V., held in solution by acid, are pn- 
cipilaled on neutralization of that acid by Nil, Oil , as in 
precipitation of the Iron (lron|i; a special method of pre- 
oipitatinir the Iron Group without affeelinir the later groups 
is therefore necessary in such cases. Phosphate may be 
removed by addition of Fe*"" in the presence of acetic aeid 
(formed by nddin^ sodium acetate to (be HOI solutionl. in 
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Tchtcb all phosphates but those of lead and the Iron Group 
metals are soluble. The precipitate may contain phosphates 
of Al and Cr as well as of Fo; Al is suparatod by dissolving 
in NaOH; Cr is identified bj oxidation to chromate. The 
filtrate, free from phosphate, may also contain Iron Group 
metals and is treated in the usual way, beginning with pre- 
cipitation of Group III. Another method is based on the 
precipitation of PO,'" with Fe'" in the presence of an ex- 
ceha of BaCOg, which, when Fe"" is in excess, precipitates 
only the phosphates and hydroxides of Iron-Group metals. 

k. — Oxalic acid is destroyed by evaporating to dryness the 
filtrate from Group II. and heating the residue with strong 
HN'O, . This treatment drives off HF (which would cause 
precipitation of CaF,) and leaves the SiOj from silicates as 
a residue insoluble in acid. Boracic acid is but little pre- 
cipitated if NH,C1 is present in large quantity. 

133. Ezerciaes with the Ions of the Zinc Gronp. 

Obtain the reactions for each metal separately, following 
the text and writing equations, and work each as an unknown 
by the table at §181. 

Ascertain the delicacy of the distinctive tests for each 
metal, 

Separate the kathions of this group from one another and 
Al'"' from Zn'" , Mn" from Fe'"', Cd" from Zn", Fe*" 
from Co " . 

Separate Mn": from Zn"" by precipitation with H^S in 
acetic acid solution. 

Why not separate Mn"" from Zn"' by precipitation with 
NH.OH? 

Alkaline Earth Uetals (Oronp V.). 
134. This group takes its name from the earthy character 
of the oxides and the fact that their water solution is alka- 
line. There is a regular gradation in many of the properties 
of these metals and of their salts, from barium, with highest 
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atomic weight, tlinnigh strontium and calcium to magnesium, 1 
with lowest atuiiiii' weight. They are readiiy oxidized i 

iiiilrast to metaU of preceding groups, form 1 

iiirii approaching the alkali-metals in char- J 

.■^[jiict, magDeBinm at the other extreme f 

rarth-metals. 

ill solubilities is illnfitrated by the following 

Tlyrlnixldc SulpbatS. 

Bii :!:i. frninis per liter. 0.0023 grams per 1 

Sr 10. 0.10 

fa I. a.-. 2.0 

Mg U.Ol 333. 

TLu sulphateu, as salta of a weaker acid, tend to diesoWe ilt% 
Hfl and HXU,,; SrSO, is perceptibly aud CaSO, readily s 
ble in acid. Bat'rO, has about the same solubility in water 
as BaSO,; tlie chromatc.-' of the other metals are more 
soluble. Thu oxalate of calcium is practically insoluble, the 
other oxalates sparingly soluble. The phosphates and car- 
bonates are practically insoluble in water, the carbonates 
dissolving soniewliat in Nll,('!, that of magnesium very 
readily. 

These metals alt form divalent ions of fairly strong basic 
properties. Their salts with strong acids are neutral to 
litmas in water solution. 



135. BaSO, is used as a pigment, baryta white; owing to 
its high specific gravity (4.S; that of thi' majority of inor- 
ganic salts is between 3 and 3) it is used as an adulterant 
for increasing weight, as in siting paper. Oxygen is obtained 
on the commercial scale by heating HaO,; I5a(X0a), is used 
in pyriitechny for i>roducing green light. Barite is heavy 
spar, BaSO,: witherilc. F.arO, . 

136. A hiirinm sail flhr ion Ba"! in solution not too 
dilute is preci|iitai.il In fixed alkali hydroxides as Ba(0H)3 . 
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white; COj" of carbonates precipitates BaCOg, white; sul- 
phates (8O4") precipitate BaSO^, white, insoluble in dilute 
HCl; chromates or dichromates precipitate BaCrO^, yellow, 
not readily soluble in acetic acid (distinction from Sr and 
Ca); NajHPO^ precipitates BaHPO^, white; Na^PO^ pre- 
cipitates Ba8(P0j2; I0«' of iodates precipitates Ba(I03;2, 
slightly soluble. BaClj is insoluble in alcohol (separation 
from Sr and Ca). 

137. Ba compounds (the chloride best, owing to its greater 
volatility, or other salt moistened with HCl) give the flame 
a green color. 

138. A separation of barium from strontium and calcium 
is based upon the fact that a mixture of soluble sulphate 
and carbonate changes strontium and calcium sulphates into 
the carbonates but does not affect barium sulpliate. 

When an " insoluble " sulphate is treated with a soluble 
carbonate, as SrSO^ with K2CO3, transformation into in- 
soluble carbonate and soluble sulphate (SrCOg and K^SOj 
takes place until the SO4 ions and CO3 ions are present in 
the solution in a certain definite ratio; the relative quantity 
of solid carbonate and sulphate present does not affect tho 
equilibrium. An "insoluble" carbonate in contact with 
sulphate solution (SrCO, and K2SO4) results in the same 
equilibrium, transformation thus taking place in either 
direction. 

The equilibrium ratio between the concentration of the 
SO4 ions and that of the CO3 ions is the same as that which 
is obtained when the " insoluble ^^ carbonate and sulphate 
are together brought into contact with water; and the rela- 
tive solubility of the two in the common solution is not 
unlike their relative solubility in pure water. For calcium 
the ratio SO^" : CO3" will be large in the equilibrium state, 
CaS04 being far more soluble than CaCOa ; for the strontium 
salts this ratio will be smaller and for barium still less. 

The sulphates are treated in actual practice with a solu- 
tion containing three to five parts by weight of KjSO^ to one 
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])nrt KjCOa . in this mixture tlic ratio SO," : CO," u 
i;lrcndy prt'iilpr tlian that required for equilibrium in thfi 
case of the bariura compounds, and it docs not affect BaSO, , 
while changing SrSO, and CaSO, into the carbonates, which 
may then lie separated from the BaSO, by dissolving in 
dilute acifi, 

Strontiiun. 

139, Sr(N"(>.,)^ is used for red light in fireworks; Sr forms 
an Jnnoluhli- salt with augar, used in the purification of beet- 
sugar. C'elestite ia SrSO,; strontianite, SrCO^ . 

140. Strontium compounds agree mainly in solubility and 
precipitations with the corresponding Ba compounds. The 
chromate and iodate are decidedly more solubLe than the 
same salts of Ba . The dilute solution of CaSO, with Sr 
sails forms a sli^'ht precipitate on standing 5 to 10 minutes, 
Ii('l predentin;; tlii> precipitation. This is a distinction from 

Compounds of slrontinin color the flame criTiisun. 

Calcium. 

141. Calcium oxide, CiiO , lime, quiekliine; slaked lime, 
Ca(flH)„: CitCOs. limestone, marhic, chalk, cakitc, etc.; 
CaSOjiSHjO is gypsum, land-plaster; this partly dehy- 
drated is plaster of paris; hloacliing-powdcr, chlorinated 
lime, chloride of lime, is chloride and hypochlorite of calcium. 
(■a{OCl)Cl; Caa(POJ, , bone-ash, is the mineral constituent 
of bones; this mixed wiih carbonaceous matter, as obtained 
by heating bones, is bone-hlack; CaCL absorbs water, and is 
used as a drying agent. Fluorspar is CaR : dolomite, CaCO^, . 
Jt^'Cn, . 

142, Fixed alkali hydroxide (the OH ion in considerable 
concentration) precipHates from solution of calcium saltf 
Oa(OH).,, white; carbonates (the CO., ion) precipitate CaCO, 
("precipitated chalk"), slightly soluble in Na.CO,. distin- 
guished from MgCOj by not dissolving readily in solution 
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of ammonium salts; NaaHFO^ precipitates CaHPO^; normal 
phosphates precipitate Csiz(J^0^2> oxalates (the ion Cj^O/') 
precipitate CaCjO^, practically insoluble in acetic acid, 
as acetic is a weaker acid than oxalic. Ca" is but 
incompletely precipitated by sulphuric acid and soluble sul- 
phates (the ion 80^"); this serves for its qualitative separa- 
tion, as the saturated solution of CaSO^ remaining after 
removal of 6a and Sr as sulphates still gives an abundant 
precipitate with (NH4)2C204 . Ca(N0s)2 is soluble in a mix- 
ture of equal volumes absolute alcohol and dry ether, also 
in amyl alcohol; these are both methods of separation from 
8r. 

143. Calcium compounds color the flame yellowish red. 
The carbonate breaks up on heating into COj and CaO , the 
latter dissolving in water as Ca(0H)2 with alkaline reaction. 

Magnesium. 

144. Magnesium oxide, MgO, magnesia, magnesia alba, 
calcined magnesia, a very refractory material used for fur- 
nace-linings; MgS04,7H20, epsom salt; dolomite, CaCOg, 
MgCOg; talc, soapstone, meerschaum are silicates of Mg. 

146. Mg(0H)2 is somewhat soluble in water, but with 
fixed alkali hydroxide as precipitant the excess of OH ion 
decreases the Mg" concentration to such an extent that 
precipitation is practically complete. When NH^OH is used 
some precipitation takes place, but a large proportion of 
Mg ions must remain in solution, as the OH', the other 
factor of the solubility-product, is in small quantity. Pre- 
cipitation with NH4OH fails completely in the presence of 
ammonium salts, the NH4* driving back the dissociation of 
the NH.OH . 

Fixed alkali carbonates (the ion CO3") precipitate a mix- 
ture of MgCOg and Mg(0H)2, the precipitation being com- 
plete on heating; with (NH4)2C03, largely hydrolyzed to 
NH4OH and HjCOg, the precipitation is but partial; am- 
monium salts increase the hydrolysis and so may entirely 
prevent precipitation. 



■rns-1 
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Na.HPO. precipitates MgHPO,, in presence of NH/ and 
Ml, (HI .Mi,'MIJ'0,, nuiorphouB at firel, at once becoming 
L'rjhliilluii' (ilrliiikv O.Ol-t tng. per cc). Sepiimtion of trace;: 
i)f lliu crysiiilliiic precipitate is facilitated by rubbing with a 
glass roil. 

146. Analysis of the Alkaline Earth Oroup (Qroap V.)- 

'I'll the lihmii' I'mm the prijeeding group add NH,OH and 
(NHj.CO,, , w^u'iM and filter. Kt-serve the filtrate for Kg 
and thealkiili-iiivlals. 

Precipitate: BaCOa, SrCO, , CaCOa (white). 

l)i,<Bolve tbi- Miished precipitate in a little dilute aoetio 
aoid. 

Solution : Acetates of Ba , 8r , Ca . 

To a smiil! imrlion of the solution add K;Cr,0,; a yellow 
precipitate is BaCrO, , soluble in HCl, repreci pita ted by 
dilute H.SO^ as BaSO. . white. Apply the flame test. If Ba 
is present add K„Cr.O; to the entire solution as long as a 
precipitate is prod\ired, iind tiller. In tlic fdtrate separate 
excess of K„Cr„0; from Sr" and Ca'- hv precipitating SrCOj 
and CaCO, with NH.OH and (NH.)XOj. fdtering and rcdis- 
solving in acetic acid. 

Divide llie remainder of the soUition. or the filtrate from 
BaCrO, freed from KXr^O, . into two portions. 
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147. Notes. — n.— .\mTtioniuni salts dissolve alkaline earth 
■arbonales, c-^pcciallv on heating, volatile (XH,).rO,, fonn- 
ng. XH.OH is added to lessen tins tendency, 

b. — An excess of acetic acid is to he avoided, for it preventB 
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complete separation of Ba, which then precipitates as the 
sulphate when the test for Sr is made. 

c. — Metals not removed in any of the preceding groups will 
give a precipitate (not crystalline) when Na2HP04 is added 
for Mg. To insure complete removal of Ba, Sr and Ca, 
a drop of (NH4)2S04 and (NH4)2C204 solutions may be added 
before testing for Mg . 

148. Exercises on the Alkaline Earth Group. 

Obtain the reactions for each kathion as given in the text 
and analyze a solution of each, treating it as an unknown 
substance. 

Separate the members of the group from one another, 
using the tables, and also Ba" from Pb" , Ca** from Ztlv , 
Ca** from Fe;** , and Ba*' from Al-** . 

Separate the following, not using the methods given in 
the tables : Ba * ' from Ag* , Cu* • from Ba* * , Bi • • • from Ca * • , 
Al*** from Sr** . 

Show that the delicacy of precipitation of Ca** with 
(NH4)2C08 is lessened by the presence of NH^* . 

The Alkali Group (Group VI.). 

149. Anmionium. Of rarer occurrence: Lithium.* 
Sodium. Rubidium. 

Potassiimi. Caesiimi. 

The metals of this group oxidize rapidly in moist air or 
water and are kept by inmiersion in petroleum or benzine or 
other liquid not containing oxygen: 2K + 211^0 = 2K0H 
+ Hj . Gaseous NH3 dissolves in water to an alkaline solu- 
tion supposed from analogy to contain ^1X4011 , ammonium 
hydroxide, the radical NH4 behaving much like an alkali 
metal. This is the volatile alkali, in distinction to NaOH 
and KOH , the non-volatile or fixed alkalis. 

* Lithium is an alkali metal forming: a sparingly soluble carbonate and an 
insoluble phosphate. Its compounds impart a bright red color to the flame. 



8b"-, llg" and Kg") the oxide ol 
NII^OII is in sueli slight eoneenti 
produce the more soluble precipitate. 
are not affected by NH^OH , while th 
Md" and Fe" is at best incomplet 
the presence of NH^', which decret 
NH.OH. See §20. Other kathion 
NH^OH as the hydroxides, except A 
tated as oxides, Pb", precipitated as 
and Hg" , which give mercur-ammonii 
fixed alkali hydroxides the precipitates 
of six metals, Pb, Sb, Sn, Al, Cr, j 
ability of the precipitates to take th« 
forming soluble alkali salts. The pr 
solve in NH^OH in six cases (Ag, Ci 
but here solution is due to the forma 
containing ammonia. 

161. The alkali metals are in deci 
metals of other groups in that most of 
soluble in water. The only freely sol 
bonates, phosphates and silicates are th 
the separation of these metals from o 
fact that they are not preciDitn^^^/^ 



Potawinm. 

152. In common use are the hydroxide, KOH, cauBtio 
potadh; KjCO, , in an impure form potashee, so called from 
its occurrence in wood-ash, used for soft soap; pearl-ash is 
purified KjCO, ; gait of tartar, a grade of carbonate formerly 
made by heating potassium bitartrate; KNO,, niter, salt- 
peter, uaed for gunpowder; the chlorate, KCIO, , is used in 
medicine and in match-heads, also in dye-works and as a 
source of oxygen; Kl and KBr are used in medicine and in 
photography; the bitartrate, KHC^H.Og, is cream of tartar; 
Rochello salts are the double tartrate of sodium and potas- 
sium, NaKC.H.O, , The cyanide, KCN, is used in pho- 
tography, in preparing baths for silvering and gold-plating, 
and for extracting finely divided gold from its ores. Potas- 
sium salts are also used as fertilizers. 

153. Potassium forms only the strongly basic monovalent 
ion K" . 

154. Except the bitartrate and the platinichloride, potas- 
sium salts are soluble in water, the chlorate rather sparingly 
(ca. 60 grams per liter). 

Tartaric acid, HiC^H^O, , or better sodinm acid tartrate, 
KaHCfHjOg, added to the concentrated solution acidified 
with acetic acid gives a crystalline precipitate of potassium 
acid tartrate. The precipitate is made lesa sohible by addi- 
tion of alcohol. It ia dissolved by alkali hydroxides with 
formation of the soluble normal tartrate, as KjC,H,Oo . 

Potassium acid tartrate exhibits a decided tendency to 
the formation of supersaturated solutions, thereby delaying 
precipitation. Such a solution is broken up and crystalliKa- 
tion caused by shaking, by scratching the test-tube within Ihc 
liquid with n sharp glass rod, or by introducing a very minute 
fragment of the crystalline solid. 

Hydroplatinichloric acid, obtained by dissolving PtCl, in 
HCl , precipitates K,PtCl, , yellow, solubility lessened by 
alcohol. 



. ,rii(nv lifrht-ravs of tlic sr 
sorlx'd. It lasts but a moment 
small quantity, bein^ less pcrsis 
owing to the greater volatility c 

Sodium. 

166. Sodium hydroxide, NaOH 
tion lye; the carbonate, NajCOg, 
lOIIjO, sal soda, washing soda; 
used for baking are the acid car 
with more or less normal carbonat 
common salt;- the sulphate, crysti 
Glauber's salt; sodium nitrate, NaN' 
peter, the source of HNO3 , exten8i> 
from it the nitrite, NaNOg , is made, 
in preparing artificial colors; the 1 
is added to the developer in photogri 
tion by air; the thiosulphate, Nag 
hyposulphite, the fixing agent in pho 
in solution is water-glass; borax is 
crystallization; soap is the sodium 
common glass is a silicate of 
NaNH4HP04 is microcosmic salt, for 

167. Sodium -P^— 
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ing NH4OH, hydroxide of ammonium; saturated ammonia 
water contains ea. 0.5 gram NHj to 1 gram HjO and has a 
specific gravity of 0.88. Ammonium chloride, NH4CI , form- 
erly called muriate of ammonia, hydrochlorate of ammonia, 
sal ammoniac, a by-product in purification of illuminating 
gas, is the chief source of ammonia; sal volatile, salt of harts- 
horn, contains the acid carbonate, NH4HCO, , with the 
carbamate, and is used in medicine. 

160. Anmionium forms the weakly basic monovalent ion 
NH^* and a wide variety of complex ions with the metals. 

161. In solubility the salts resemble those of potassium, 
ammonium bitartrate and ammonium platinichloride being 
obtained as precipitates under conditions similar to those for 
the corresponding potassium compounds. 

Potaflflium mercuri-iodide (K^'Rgl^) solution containing ex- 
cess of KOH (Nessler's reagent) precipitates ammonia as 
NHgJ , brown. The test is so delicate (1-1,000,000) that it 
is used for estimating the traces of ammonia found in drink- 
ing-waters. 

An ammonium salt treated with fixed alkali hydroxide, as 
NaOH, is decomposed in part into NH^OII, from which 
NH3 readily volatilizes and may be recognized by its odor 
and the formation of a white cloud of NH4CI on holding 
near it a glass rod moistened with HCl . In the solution 
more NH^OH is formed to replace that volatilizing. This 
in turn goes off, more readily on heating, and the ammonium 
salt may thus be completely decomposed. Other bases do 
not interfere and the test is made in a portion of the original 
solution, taken as concentrated as possible owing to the 
solubility of NHg in water. It is advisable to use the solid 
hydroxide of sodium, potassium or calcium; for traces use a 
test-tube and boil, passing the gas liberated into dilute 
Xessler's reagent. 

162. Ammonium is capable of oxidation to the acid radical 
NOa by strong oxidizing agents. This change occurs to 
some extent in the atmosphere and in rivers. By reverse 
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change, action of reducing agents, as Zn in KOH solution, 
produces NH3 from the radical NO3 . 

163. Ammonium compounds are volatile helow red heat, 
a distinction from other alkali hases. The only other base 
whose salts are readily volatilized is mercury. 



164. Identification of the Alkali Group (Group VI.). 



ForNH4, heat a por- 
tion 01 tie original 
material with concen- 
trated NaOU or solid 
Oa(OH)a. NHjgas 
is given off, recogniz- 
able by its odor, 
effect on litmus, 
action with HCl gas, 
or by Nes8ler*8 test. 



For K, introduce 
into the Bunsen 
flame on the Ft wire 
a drop of the fi Urate 
from the preceding 
group ; a Tiolet 
flame, red-yiolet 
through the blue 

. glass, indicates K. 
For tests by precipi- 
tation see § 154. 



Na is indicated, on ap- 
plying the flame test, 
by a yelloi¥ color. 



165. Notes. — a. — Ba, Sr and Ca must be completely re- 
moved before making the flame test for K . The color given 
by these metals seen through the blue glass is very similar 
to that given by K . 

6. — Mg gives a slight yellow flame and interferes also with 
precipitation tests for the alkali metals. It is removed by 
(NH4)3P04 or by Ba(0H)2 , excess of the latter being taken 
out with H2SO4 . 

c. — Insignificant traces of Na give a yellow flame of short 
duration; tests should be made with Na* solutions of known 
strength to ascertain what intensity of flame indicates Na* in 
important quantities. 
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^ X iiiciaiiic halogen (sa 

increase in atomic weight in tli« 
both in power as oxidizers and 
with metal and with hydrogen, anc 
in solubility of similar salts. Eac 
the ionic state to the free state 
atomic weight: CI + HBr = H 
of double decomposition that body 
is less soluble or more volatile than 
AgBr + KCl; NaCl + HI = HC 
acids, except HF, are among the st 

167. Fluorine is a slightly yellowi 
stable when in combination as the 1 
therefore attacks other substances 
fluorides. 

168. Hydrofluoric acid, obtained 
CaFj , is a coloriess gas, readily solu1 
tion has the properties of a rather w« 
sociated in normal solution), dissob 
Au and Pt (Pb but slightly). It 
:and brought into contact with the 
Owing to its action on glass it is kej 
Ibottles. 

The fluorides of thp niwi- -^ ' ' 
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the gas produced from the material by H2SO4 . SiF^ gives 
with HjO hydrosilieofluoric acid, HjSiFg , forming a barium 
salt insoluble in water or dilute acids. 

169. Chlorine is a heavy greenish-yellow gas, intensely 
irritating when inhaled. It liquefies easily under pressure 
of 3.7 atmospheres at 0** and is supplied for use in large 
quantity in steel cylinders in the liquid state.* Three vol- 
umes of chlorine dissolve in one of water, forming chlorine- 
water; as usual with gases, it is less soluble hot than cold. 
Next to fluorine the most active of the halegens, chlorine 
attacks metals, destroys organic tissues and fabrics, and 
bleaches organic colors. It is obtained by action of oxidizing 
agents, as MnOj, HNO3 or KClOj, on HCl.f 2HC1 + 
(nascent) = HjO + Clj . 

Free chlorine is identified by its action as an oxidizer and 
it is therefore essential that other oxidizing agents be absent 
when the test is made. It bleaches wet litmus-paper and 
with KI liberates iodine, detected in very small quantity by 
starch solution or CSj (§186). J 

170. The chief acids containing chlorine are: 
Hydrochloric acid, HCl , forming chlorides. 
Chloric acid, HCIO3 , forming chlorates. 
Hypochlorous acid, HCIO , forming hypochlorites. 

It forms also chlorous acid, HCIO2, and perchloric acid, 
HCIO, . 

Hydrochloric Acid and the Chlorides. 

171. Hydrochloric acid, muriatic acid, is a colorless suflEo- 
cating gas soluble in about twice its weight (1/450 its volume) 
of water; a 20 per cent solution has the maximum boiling- 
point, 110**, and on heating stronger or weaker solutions 
either HCl or HjO in excess is distilled off, leaving the 20 

* Thoroughly dried chlorine does not attack metals ; it is a curious fact that 
very many chemical chancres take place only in the presence of moisture. 

t Make chlorine by these methods and identify it. 

t Further upon the reactions of chlorine as an oxidizing aireirt, Presoottand 
Johnson's Qual. Anal., 1901, p. 228, 



172. The gas. obtained by mean 
from the Boliil chloride, is identifie 
of AgNO, solution on the glass rod, 
precipilate of AgCl , imolnble in B 
(diatinctioD from iodide), repreeipit 
lion with HNO,: HCI + AgNO = 
SNH.OH = (NH,),AgCI + m 0- 
= AgC'l + 2M],N0, . ' 

A drop of NH.OH solution on t 
with HCI gaB, gives a while cloud of 
acids react similarly. 

The CI ion, contained in water 
acid and its salts, is precipitalcd b' 
Group, Ig , Ph-- .,„d He-, for.; 
PbCl, and HgCI . It is convcnicnib 
tion with AjrHO. , the precipitate hi 
aoluble in NH.OH , reprccipitatod I 
of hjdrobromic acid and bromide, 
the same way and when} the two ar 
leatcd for by one of the following m 
Digest the miied AgCl and AgBr 
capbonnte, which dissolTcs AgCI m 
AgBr, and precipitate AgCI from th 
HN'n,: or „u„i„ ,]„. „„,„;,,! ,„„,, 
solid state and distill it with eoocco 
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aconite as PbCr04, is evidence of CI' in the original material. 
The limit of delicacy in the presence of Br' is about 2 mg. CI', 

llydrobroraic acid or biomides (the ion Br') if present 
form no corresponding chromium compound, but are oxi- 
dized to free Br, which may go into the distillate and give 
a white precipitate of PbBrj on addition of lead acetate. 

AgCl is not decomposed by acids; HgCl is slowly changed 
to soluble mercuric salts by HXO3 . 

173. In analysis of insoluble chlorides they are fused with 
NaoCOg , after which extraction with water gives the 01 ion 
in solution as NaCl . The thoroughly washed residue is 
dissolved in HNO..^ and tested for bases. The following 
equations represent this class of changes: 

2AgCl + Na^COa = 2Ag + 2NaCl + + CO, 

2HgCl + Na^CO, = 2Hg (vaporized) + 2NaCl + + CO, 

PbClj + Xa^COa = PbO + 2NaCl + CO^ 

The chlorides are as a class more volatile than other salts. 

Hypochlorous Acid and its Salts. 

174. Bleaching-powder, called also chloride of lime or 
chlorinated lime, is probably a double salt, a hypochlorite 
and chloride of calcium, CaCl(OCl); it is in extensive use, 
owing to the readiness with which it gives up chlorine, for 
bleaching cloth, paper and other fabrics, and as a disin- 
fectant. It is prepared by treating slaked lime (Ca(0H)2) 
with chlorine. The corresponding sodium compound gives 
the " solution of chlorinated soda.'' Eau de Javelle contains 
the potassium compound. 

176. Hypochlorous acid, owing to its instability, has not 
been obtained except in water solution. Hypochlorites are 
formed by treating metallic hydroxides with chlorine in the 
cold; they go over into chlorates slowly when cold, more 
rapidly when hot and in presence of excess of chlorine: 
2NaOH + 2C1 = NaCl + NaOCl + HoO; 3NaOCl = 
NaClOg + 2NaCn . 
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The hypochlorites are strong oxidizing agents; they all 
readily give up chlorine on treatment with acid, even the 
CO2 of the air effecting this reaction: CaCl(OCl) + CO, = 
CaCOg + CI2 . 

176. Hypochlorites are all soluble in water. AgSO^ with 
NaClO gives: SAgNO, + 3NaC10 = 2AgCl + AgClO, -f- 
SNaNOj . 

Chloric Acid and Chlorates. 

177. Chloric acid, HCIO3, decomposes spontaneously and 
has not been obtained in greater concentration than 20 per 
cent water solution. The chlorates are quite stable. KClOj 
is in common use in medicine and is also used as a powerful 
oxidizer in explosives, match-heads and fireworks. Oxygen 
is prepared from it by heating. It is the least soluble of 
the chlorates, GO grams dissolving in one liter.* KCIO3 
heated or rubbed with oxidizable substances gives up its 
oxygen explosively. It should be pulverized by itself, in 
small quantity at first to insure absence of organic matter; 
if combustible material is to be mixed with it, care should be- 
exercised to avoid pressure or concussion. 

Chlorates are formed by action of excess of chlorine with 
heat on metallic hydroxides. This is done at present on 
the large scale by electrolytic methods : 

()Ca(0H)2 + 12C1 = 5CaCl2 + Ca(C103)2 + GH^O 
GKOH + 6C1 = 5KC1 + KCIO3 + SH^O 

178. A small fragment of chlorate cautiously warmed with 
concentrated H2SO4 decomposes with sharp detonation, be- 
coming a violent explosion with larger quantities. It is 
further identified by reduction to chloride either by heating 
(on Pt foil) or by action of Zn or HoSO.^ . (A precipitate of 
Ag2S03 , soluble in HNOa , must not be mistaken for AgCl .) 
KCIO3 + 3H2SO3 = KCl + 3H2SO,; 3Zn + KCIO3 + 
3H2SO4 = KCl + 3ZnS04 + 3H2O; KCIO3 = KCl + 30 . 

♦ There are four common acids whos« normal salts are all soluble in water — 
nitric, chloric, acetic, and hypochlorous. 
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KCIO3 oxidizes HCl, liberating chlorine, a convenient 
method of preparation of the latter in small quantities: 
KClOa + 6HC1 = KCl + 6C1 + 3H,0 . 

Bromine. 

m. Bromine under ordinary conditions is a very volatile 
brown liquid, sp. gr. 3.1, boiling at 60° with formation of a 
brown-red vapor which resembles chlorine in its properties, 
although less active. It dissolves in water, 3 grams in 100 
ee. (bromine-water); it is more soluble in solutions of bro- 
mides and other salts, forming unstable anions, as Brg' , etc.^ 
and in alcohol, ether, chloroform and carbon disulphide, the 
8olutions having an orange-yellow to brownish-yellow color^ 
It colors starch yellow. 

Bromine dissolves colorless in excess of alkali hydroxide 
solution, forming bromide with hypobromite and bromate,, 
the first step in the manufacture of alkali bromides: 2Br -|- 
2K0H = KBr + KBrO + H^O; 6Br + 6K0H = 5KBr -f- 
KBrO, + 3HoO . 

Hypobromite is formed in the cold, bromate in hot solu- 
tion with excess of bromine. 

Bromine is prepared by the action of oxidizers on the 
Br ion of bromides. This reaction takes place more readily 
than the corresponding change of the CI ion to free chlorine, 
and not only those oxidizers which liberate chlorine but 
also others less energetic may be used, as chlorine itself or 
concentrated H2SO4. HBr is thus a reducing agent, more 
readily decomposed with liberation of halogen than HCl, 
less readily than HI . 

180. Bromine forms: 
Hydrobromic acid, HBr . 
Hypobromous acid, HBrO . 
Bromic acid, HBrOj . 

Hydrobromic Acid and its Salts. 

181. Hydrobromic acid is a gas, less stable than HCI, 
wbiph it roppTTiblo^. It dispolvos to 80 per cent in water at 
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AgCl; by mercoroiu salts (the ion Hg') as HgBr, yellowish 
white. 

Iodine. 

183. Iodine is prepared from the iodates occurring with 
Chile saltpeter (NaNOj) and from the iodides of kelp or 
seaweed ash. Tincture of iodine is a solution in alcohol, 
compound liquor a solution in KI . 

It is obtained in lustrous iron-gray scales which volatilize 
without melting (sublime) unless under the pressure of 
iodine vapor; the vapor is of a bright violet color. Iodine is 
slightly soluble in water, much more abundantly in presence 
of the I ion, with which it combines loosely to form such 
monovalent anions as I,'. It dissolves readily in alcohol, 
ether, carbon disulphide and glycerine. In cold dilute water 
solution it colors starch intensely blue, a very delicate 
reaction. 

With alkali hydroxides it forms colorless iodide and hypo- 
iodite, rapidly changing to iodate: 21 4" 2K0H = KI + 
KIO + HjO; 3KI0 = 2KI + KIOj . The so-called color- 
less tinctures of iodine are made in this way or with reducing 
agents which form the iodide ion, as : NajSOg + 21 + HjO 
= NajjSO^ -f 2HI; 21 + H^S = 2HI -f S (used for pre- 
paring HI in small quantity). The solution of iodine in 
NH4OH deposits a dark-brown powder, iodide of nitrogen, 
N0H3I3 , violently explosive when dry. The blue starch color 
is destroyed by these reagents. 

184. The most important acids containing iodine are: 
Hydriodic, HI , forming iodides. 

Iodic, HIO3, forming iodates. 

Hydriodic Acid and the Iodides. 

185. Hydriodic acid, HI , is a gas, less stable than either 
HCl or HBr; the saturated water solution at 0** contains 90 
per cent HI . Iodides of potassium, ammonium, arsenic, sul- 
phur and phosphorus are pharmacopoeial preparations. 
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metals only are freely soluble in water — a marked distinction 
from chlorates and bromates. KIO, is insoluble in alcohol 
(separation from Kl). 

189. Eeducing agents liberate iodine from iodic acid^ tak- 
ing it Mp again when used in excess : 2HIO3 + SHgSOj = 21 
+ 6H2SO4 + H,0; 21 + H^SOa + H^O = 2HI + H.SO^ . 
This constitutes a delicate test for iodic acid. The presence 
of iodate in KI is shown by the immediate separation of 
iodine on adding a dilute acid not an oxidizing agent, as 
tartaric or oxalic : 5HI + HIOs = 61 + SH^O . 

Nitrogen. 

190. Compounds of nitrogen of interest here are: 
Ammonia, NHg , forming ammonium salts. 
Nitric acid, HNO3 , forming nitrates. 

Nitrous acid, HNO2 , forming nitrites. 
Cyanogen, CjNj , forming cyanides, etc. 

Nitric Acid and Nitrates. 

191. Absolute nitric acid, HNO3 , is liquid, of sp. gr. 1.56, 
boiling point 86*^, very difficult to preserve without some 
decomposition. Fuming nitric acid is of sp. gr. ca. 1.50. The 
constant boiling mixture contains 68 per cent acid and boils 
at 120°. Aqua fortis is an old name. Chile saltpeter, Peru- 
vian niter, NaNOg , is used as a source of nitric acid, also 
for the manufacture of KNOj by transposition with KCl , 
Niter, India saltpeter, is KNO3, formed by slow oxidation 
of organic substances containing nitrogen. Gunpowder is 
a mixture of KXO,, sulphur and charcoal. Nitric acid is 
used for making other explosives, as nitro-glycerine, gun- 
cotton, etc.; gun-cotton (nitro-cellulose) is the basis of the 
modem smokeless powder; dynamite is a porous earth im- 
pregnated with nitro-glycerine; nitro-gelatine is a solution 
of gun-cotton in nitro-glycerine; collodion is an alcohol-ether 
solution of a substance having about the same composition as 
nitro-cellulose. Aniline, the basis of a number of coal-tar 
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conveniently with Al wire in the presence of fixed alkali 
hydroxide, the gas liberated being passed into Nessler^s re- 
agent. Owing to the extreme delicacy of this test for am- 
monia blank experiments should be carried out to insure 
purity of reagents. 

Nitrous Acid and Nitrites. 

194. Nitrous acid, HNO2, has not been prepared pure; 
even in dilute solution it decomposes rapidly. Potassium 
nitrite, long the salt most commonly in use, has of late been 
replaced by the cheaper sodium compound, q. v. The acid 
is weak and its salts have alkaline reaction in water. Nitrites 
are sometimes present as impurities in commercial nitrates, 
forming if the nitrate is too strongly heated in preparation : 
KNOa + heat = KNO^ + . 

196. Nitrites are all soluble in water, AgNOj somewhat 
sparingly soluble (8 grams per liter). 

196. Nitrites act both as oxidizing and as reducing agents^ 
NO resulting in the former case (with EI , etc.) and HNOj 
in the latter (with K^CTaO^, KMnO^, etc.). Al in KOH 
reduces nitrite to NHj . 

Nitrous acid by spontaneous decomposition forms HNO^ 
and NO, brown on contact with air. This reaction, pro- 
duced by adding dilute sulphurio or acetic acid to the solid 
nitrite or concentrated solution, serves as a method of identi- 
fication : 3HNO2 = HNO, + 2N0 + H^O . 

In the brown-ring test nitrites give the same result as 
nitrates. If acetic acid be substituted for sulphuric in this 
test the brown ring is obtained with nitrites but not with 
nitrates. 

Nitrites acidulated with acetic acid or very dilute sulphurio 
acid instantly liberate iodine from KI, a delicate test, dis- 
tinguishing nitrites from nitrates. 

197. Cyanogen (C2N2, formerly written Cy), formed by 
heating Hg(CN)2, by treating cupric salts (Cu") in solution 
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witli KON (OX'), or directly from C and N al high tem- 
pera! uref, is ii [joiBonous gas, soluble in water. The foliow- 
itiir (Iff soiiK' nl' tlie acids in which the group CN occurs; 

llyilriifVMnii- acid, HCN , forming cj'anidus. 

HydriiforniiLvaiiic acid, H,Fe(CN)i, forming f err ocyan idea. 

Ilyilrufcrrii'vanie acid, HjFe(CN)g, forming ferricyanidea. 

SMlplioLyiiiiif acid, HCXS , forming sulphocyanates. 

HydrtxiyaniD Acid and Cyanides. 

198. iiylroi vanic acid, HCN, prussic acid, is a colorless 

li<liii<l, l)0Jlni^' lit 37°, Boluble in water in all proportions; the 
Riilulioi) \i)icd in medicine contains 2 per cent acid. Oil of 
bitter almoiulw frequently contains HCN; KCN is used in 
phntographv a.- a fixing agent, to dissolve silver salts, alao in 
largr qaiintitii'^ in the eyanidf proco.'^s of fixtracting gold 
from it!* ores. KCN is mode on a large scale by heating 
K^Fc(CN),, with iron. 

Hydrocyanic is a very wu»k aiid, dissociated in N/IO 
solution lo only 0.(111 percent, and its sohible salts, as KCN , 
are hi'drojyzed wilJi fonnution of non-dissociated HCN , 
detectable by its odor, and KOII, wliich gives the solution 
alkaline reaction. It is a deadly jioi^on in solution or as 
vapor. Potassium cyanide is intensely jioisonous, as are all 
coinpoimiJs ivliosc water solution contains the ion CN'. 

199. Cyanides of alkali-nicfals, iiJkaline-eartJi metals and 
Hg(CX), are suhiblc in water, tlie others insoluble. Silver 
salts (Ag-) precipitate AjrCN , resembling AgCi , insoluble 
in HNO^, soluljle in NH.OH; the precipitation does not 
take place from solution (.f Hi;(CX),, wliich is but little 
dissociated. SoJutile cyanides contain the hydroxyl ion in 
tullicicnt rnnccntralion to precipitate the hydroxides of a 
number of the r.K^tals. 

^lany of tlie ]irecipilatcd cyanides dissolve in presence of 
excess of soluble cyanide (the ion CN'), with formation of 
complex anions of various degrees of stability. Some, as 
N'i(CN)j'' , formed by treating precipitated Ni(CH'), with 
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KCN , are broken up by mineral acid, IICN being liberated : 
Ni(CN)2 + 2KCN = K2Ni(CN)^; K2Ni(CN)^ + 4HC1 = 
NiCla + 2KC1 + 4HCN. Others are more permanent: 
Fe(CN)2 , precipitated, dissolves in CN' , forming Fe(CN)o"" , 
stable in presence of acid or alkali (H* or OH'). Addition of 
dilute acid gives H4Fe(CN)e, hydroferrocyanic acid, forming 
salts with most haseL. Co, Mn and Cr form such stable 
complex anions 

HON is recognized by its odor or by transformation into 
Fe(CNS)3 or Fe4[Fe(CN)e],. For Fe(CNS)3, add to the 
material, in an evaporating dish, a few drops of yellow 
ammonium sulphide and warm till colorless and free from 
sulphide ; filter out any residue or precipitate. Slightly acid- 
ulate with HCl (which should not liberate HjS) and add a 
drop of FeClg solution, producing, if CN' was present, a 
blood-red solution of Fe(CNS)3 . To form f errocyanide add 
to another portion EOH and FeSO^, warm a short time, 
acidulate, and add FeCl, , precipitating blue Fe4[Fe(CN)e]8 . 

200. AgCN heated does not fuse but forms metallic Ag , 
soluble in HNO3 (distinction from AgCl). 

Hydroferrocyanic Acid and its Salts. 

201. Potassium f errocyanide is yellow prussiate of potash; 
ferric f errocyanide, Fe4[Fe(CN)8j3, is prussian blue. 

202. The ferrocyanides of the alkali-metals and alkaline- 
earth metals are soluble in water (that of barium sparingly); 
those of the other metals are insoluble in water. The fol- 
lowing are some of the precipitations caused by K4Fe(CN)3: 

Bi-" gives Bi4[Fe(CN)e]3, white; 

Cd" gives Cd2Fe(CN)e, white; 

Cu" gives Cu2Fe(CN)fl, red-brown; 

Fe" gives K2FeFe(CN)o, whitish blue; 

Fe*" gives Fe4[Fe(CN)e]3, prussian blue; 

Pb-- gives Pb2Fe(CN)3, white; 

Mn** gives Mn2Fe(CIsr)e , white, soluble in HCl; 

Ag* gives Ag4Fe(CN)e , white; 

Zn • • gives Zn2Fe(CN)e , white, gelatinous. 
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The precipitates are decoinposed by OH' owing to the fact 
that tilt niutaliiL' hydroxides are less soluble than the ferro- 
cyanides; they iire not affected by dilute H- : FG,[Fe(CN),], 
+ 12K0H = 4Fo{OH), + SK^Ki-tCN),. 

K,Fp{CX)a wilh concentrated H^SO, liberates HON: 
2K.Fi(('N)„ + 3H,S0. = 3K,S04 + K,FeFe(CN), + 
(ill ex. 

Hydroferricyanic Acid and ita Salti. 

203. The union of this acid is identical in compositioo 
with that of the preceding; it is trivalent in this case where 
before it was tL'travalent. The propertieB of the two are 
(juite unlike. 

Hed prussiate nf potash is KgFe(CN),; it ia made by the 
action of chlorine or other oxidizing agent on f errocyanide : 
KJ-'e(rX)„ + t'l = K3Fe(CN), + KC'l; reducing agents 
effect the reverse change. 

204. The ferricyani'iofl are mostly insoluble or sparingly 
soluble in water, except those of the alkali and alkaline- 
earth metals. The follow-ill^ are some of the precipitates 
obtained : 

Bi--- gives HiFc{OX')„, light brown; 

Cu-- gives Cn,[Fe{CN)„]j, yellow-green; 

Fe" gives Fe3[Fo{CN),l2, Turnbull's blue; 

Fe"' gives no precipitate, greenish solution; 

Pb"' gives no precipitate unless concentrated; 

Mn-- gives Mn,[Fe(ON)„]n, brown; 

Ag- gives Ag3Fe(CN)B, rod-brown; 

Zn-' gives Zn^f Fc(rX)„')„ , orange. 

These precipitates are decomposed by OH' but are formed 
in neutral nr aci'l solutions. 

T\-,Fe(CX)„ is soluble in alcohol, n separation from 
K.Fe(f'X), .* 

• Tho complex lona formpd by Fe- and Fe— witb CN" nrp among the most 
stHMe known. Ilie spponrtiitr 'llN««'Inti"n fnlo Fe" or FC" mid CN' \ving so 
BllfClit thiit thP rirdlnnry rciii'timiK for llif cliiiplp inns fHiL. The fHct thHt all 
liun L-um poll lids dis^ilvi' iti KCN soluliun t^bouH llial ttioinm louBurc present 
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Snlphooyanic Acid and its Salts. 

206. Sulphur melted with a cyanide or boiled with its solu^ 
tion forms a sulphocyanate, as KCNS . Sulphocjanic acid, 
HCNS (also called thiocjanic), resembles HCl in activity 
and in the solubilities of its silver salt, which is unaffected 
by hot dilute HNO, but is soluble in NH4OH . Mercurous 
salts (the ion Hg") precipitate HgCNS, white, which in- 
creases decidedly in volume on heating (Pharaoh's serpents). 
The characteristic reaction of CNS', the anion contained in 
solutions of sulphocyanic acid and sulphocyanates, is the 
formation with Fe* ' ' of the blood-red Fe(CNS)8 , soluble in 
ether, decomposed by HgCla with formation of colorless 
Hg(CNS)2; the color is more intense in the presence of acid, 
as HCl , which prevents hydrolysis into Fe(0H)8 and HCNS . 

HHOs and other oxidizers give a red color with KCNS; in 
excess they destroy the color of Fe(CNS), . 

Alkali hydroxide (OH') decomposes sulphocyanates owing 
to the slighter solubility of the hydroxides of the metals; H' 
does not affect them. 

Carbonic Acid and Carbonates. 

206. Carbon dioxide dissolves in about its own volume of 
water,* giving a solution of faintly acid reaction from which, 
on addition of a base, salts corresponding to an acid HjCO, 
may be obtained. The anhydride, CO^, is exhaled in the 

in the resulting oomplexes in less concentration than in a saturated water 
solution of the least soluble iron compound (see % 16) ; and the further fact that 
these bodies are not poisonous indicates absence of the CN ion. In contrast 
to such complexes are the double salts like the alums, which are almost 
completely split up into their components on dissolving: and which therefore 
give the primary ion reactions. Some complexes, as K Afir(CN)t, from which 
Agr is precipitated by H^S, not by HCl, lie between these two extremes and 
give only the more delicate tests for the simple ions. 

* The mass of a gas which will dissolve in a liquid is in general proportional 
to the pressure to which the gas Is subjected. This is Henry's Law. COt under 
a pressure of two atmospheres is twice as soluble in water as COa under a 
pressure of one atmosphere. As in the case of the saturated solution of a 
solid, for equilibrium a fixed ratio must exist between the concentration in 
the one phase and the concentration in the other phase. 
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breath, b fornu'ij in comniuii Lombiuition and in fermentation, 
and L'uni^Lilutus the small proportion of the atmosphere from 
whu'li pkiil:- ijljtiiin their carbon. 

Thi; nurnial sodium carbonate, Na,CO, , 10H,0 , is known 
as Boda, iva:-!iing soda, sal soda; the bicarbonate, NaHCX),, 
k baking-:^! II la or saleratus; soda-water is water saturated 
under prestiuri? with CO,, obtained by action of dilute U.SOt 
on liuu'stouc or as a by-product of fermentation proceeaes; 
the effervescence of natural waters and of beverages is due to 
eacaping CO, , 

207. The only carbonates soluble in water are those of 
I aniinoniunj, soiliuta_aiid potassium^ and solutiona of tttese 
cause pri'cjpitiition of all other bases. The soluble car- 
bonates undergo hydrolysis, and even the acid carbonates 
of sndium, |iota>»ium and arELiiiuniiim iiavc alkaline re- 
action in water. The precipitated carbonates are likewise 
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wiiii formatinn of an aeid earbnnale. Breathing through a 
tube into the reagent prmhices Ihc pamo effect. 

208. .\eiil earbonatfs are decomposed by heat, even in 
solution, rO.. hoing dven otT, Carbotiafes nf all metals 
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except those most strongly basic (the alkali-metals and 
barium) are decomposed by heat, COj being liberated: 
CaCOa = CaO + COj, . 

Oxalic Acid and Oxalates. 

209. Oxalic acid is an acid of moderate strength obtained 
as the crystalline H2C204,2H20 by oxidation of sawdust or 
other organic matter with HNOj. Sodium and potassium 
oxalates are obtained by fusing the hydroxides of those 
metals with sawdust. KHC2O4 is the sour substance in 
oxalis; K2Fe(C204)2 is used as a developer for AgBr plates. 

210. Oxalates and oxalic acid in water solution contain 
the ion C2O4" , which causes precipitation from solutions of 
all salts except those of NH^' , Na* , K' , Mg" , Cr:;?, Fe'*, 
Pc" , Al-v , Sn — . Precipitation of CaC204 is most used 
in analysis. The precipitates are soluble in acids stronger 
than oxalic, as HCl , and but little soluble in weaker acids, as 
acetic. Many of the oxalates react with excess of alkali 
oxalate to form soluble double oxalate. 

211. Oxalic acid is a reducing agent, undergoing change 
to CO2 . In this way it precipitates Au from solution and 
decolors acidulated solution of permanganate. The latter 
reaction is used as a means of identification, the gas being 
passed into Ca(0H)2 solution; carbonates, of course, first 
must be decomposed by boiling with dilute HjSO^ : 2KMn04 
+ SHjC.O^ + 3H2SO4 = 2MnS04 + lOCOo + K.SO^ +; 
8H2O . 

Concentrated H2SO4 takes up water, causing the following 
change : H2C2O4 = H^O + CO2 + CO . 

212. On heating, oxalates become carbonates with libera- 
tion of CO . At higher temperatures the changes peculiar 
to carbonates take place (§208). Silver oxalate, when heated, 
decomposes with a slight explosion. 

Acetic Acid and Acetates. 

213. Acetic acid, HCjHgOj , is a solid (glacial acetic acid), 
melting at 17.6°, readily soluble in water; the solution is 
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referred to ordinariiy as acetic acid. Vinegar owes ite sour 
taste uiid odor to a content of 4 to 5 per cent of acetic acid; 
sugar of lead is basic lead acetate; tiie true verdigris, U8ed 
aa a pigment, h a basic acetate of copper. 

214. The acttates are all soluble ia water, mercurous 
acetate and silver acetate sparingly soluble. Ferric salts with 
acetates in neutral solution give a red liquid. Ferric acetate 
undergoes fiir-reaching hydrolysis, and the color is due to 
Fe{0H)3 which remains dissolved in the colloid form. The 
t-olor is destroyed by acids, not by HgCl, (distinctions from 
hiilphopyanate). Heat increases the hydrolysis and slowly 
precipitates Fc(OH), containing some ferric acetate. 

Less volatile acids liberate from acetates acetic acid, rec- 
ognizable hv it> odor; an acetate wanned with H^SO, and 
alcohol roniis I'lliyl acetate, acetic ether, C,HjC,n,0,, of 
peculiar, agreeubJc odor. 

Sulphur. 

215. Sulphur is readily recognized by the odor and other 
properties of the sulphur dioxide which it forms on burning. 
Sulphur is soluble in CS. and in hot alkali hydroxide solu- 
tions, in the latter case owing to chemical combination. It 
is slowly oxidized by HNO^ or CI to HjSO, , In the ordinary 
form it is yellow; freshly precipitated it is white. Roll- 
sulphur or brimstone is obtained by casting molten sulphur 
into sticks; sublimed sulphur, flowers of sulphur, by con- 
densing the vapor directly to the solid; milk of sulphur 
results on precipitaling pnlysulphides of calcium, CaS, or 
CaS; , with acid. 

216. The following arc among the more important acids 
formed hy Milphvir: 

Ilydrosiilpluirie acid, ILS, forming sulphides, 
Thiosulphuric acid. ]1;S;0;, , forming thio.*ulphateB. 
SulphiirouK acid. ILSO., , forming sulphites. 
Sulphuric acid, ILSO, , forming sulphates. 
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Hydrosnlphuric Acid and the Sulphides. 

217. Hydrosulphuric acid, HjS, is at ordinary tempera- 
ture and pressure a gas soluble in three times its volume of 
water; the saturated solution is about N/6 and has very 
weak acid properties. The soluble salts, as (NH4)2S, are 
hydrolyzed in water, having alkaline reaction and HjS odor. 
The polysulphides of alkali and alkaline earth metals form by 
addition of S to a sulphide. Yellow ammonium sulphide 
is a polysulphide, (NH4)jiSx ; liver of sulphur is a mixture of 
sulphides of potassium. 

218. The sulphides of metals of the first four groups are 
practically insoluble in water. First and Second Group sul- 
phides have small solubility products and the slightly dis- 
sociated HgS serves to precipitate them, even in the presence 
of acid, while the Iron and Zinc Oroup metals require a largely 
dissociated sulphide, as (NH4)2S , for complete precipitation. 
This fact determines the separation of the Silver and Tin 
and Copper Groups from the Iron and Zinc Groups. 

Dilute acids decompose soluble sulphides with liberation 
of HgS . Dilute HCl dissolves sulphides of iron, manganese 
and zinc, ZnS less readily than the others; dilute HgSO^ 
dissolves most sulphides. HgS is made for laboratory use 
by treatment of FeS with dilute HjSO^ . Hot dilute HNO, 
decomposes sulphides, except HgS , with oxidation to free S , 
and, by continued action, to H2SO4; HjS is not liberated: 
3CuS + 8HNO3 = 3Cu(N03)2 + 3S + 2N0 + ARfi; 
3CuS + 8HNO3 = 3CuS0, + 8N0 + ^H^O . 

HjS gas is recognized by its odor and by its blackening 
paper moistened with lead acetate solution. Nitroferri- 
cyanides, as K^L.^TeNOiCIT}^, give with the S" of sulphides, not 
with HjS, an intense rich purple color, slowly fading; HgS 
must be neutralized. The test is best made on a white por- 
celain surface, using a few drops of each aolution. 

219. The sulphur ion of sulphides and of hydrosulphuric 
acid is a strong reducing agent, acting readily upon Fe*" , 
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UnO,' . iodine, iodic acid, t;lc. H,S burns I 
i!.,() anil SU„. 



, forming 



Thiosulphnric Acid and Thiosulphates. 

220. ■|1iioM(lpli;iiu (less properly vMci liyposulpliiiL') of 
Midnuii IS iiM'd 111 [ihotoyraphy as a fixing agent owing to its 
priijicrly ol' (li^^■llK'l^g silver nulls; it Is called auticlilor from 
ils |"iWiT ••( I'limiTting free CI into the C! ion, that is, into 
hvilrot-lildi'ii' (ii'iil fir a chloride. 

'r!iiii>id|iinirif ui-id, II^SjOj (sulphuric aciil with S sub- 



stitLitcd for 



Milpliat.. i. 

221. Thii 

thosi' of Bi 



from solutions no 
Ijhick.^niiit,' liv nd 
Iirct'ipitiitc.] hot ii 
phiitcs form «iih 
pliiiles of iilkiili-i 
CaCl, does not [i 
sulphites). 

222. 'i-!iiosi.!phrt 
(if known strenjilh 
dianjres In the eol 
tinn of tntriithionii 



) lireaks down upon formation into H^SOj ami 
n^;e takee plate whenever a solution of thio- 
iililied, the sulphur being precipltntod. 
il|iliiitefl are for the most part soluble in water; 
, Pb", Hg- , Hg" and Ag' are precipitated 
s Tini loo dilute, all p\iTpt the Ba salt soon 
■ nduclion 1o sul]ihido; As'" and Sb*" are 
lot as siilj.hidcs. Many ]>recipitaled tliiosul- 
Lviih exri'ss of vea^rent soluble double thlosnl- 

ii.l lieavy nu-tal. as NaAgS^O, . 

I' tliiositlphati'S (separation from 



d dn 



ial.'< fort 



re rc-dueinj; afients; Na.S^Oj solution 
i('d in measuring frei' iodine, which it 
s r. Ihe ion of iodides, with forma- 
■I + -iNii.SA = 2XaI + NaAO,. 
oxidizers, as chlorates or nitrates. 



Sulphurous Acid and Sulphites, 
223. Sulphur dioxide. SO... is » colorless fjas of the pene- 
triitiujr odor of hurnin- ^uli>iHlr- It is a reducing agent, and 
like ollii'r stronj; reducers or oxidizers, it bleaches, breaking 
up colored orpniic conqionmls; it also decolors KMnO, , 
iodine, etc. It is used as a disinfectant and aoti-fcrment. 
One vtihirnc of waler dis-olves aliout fiftv volumes of SO,,; 
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the solution contains a rather weak acid forming salts derived 
from H2SO3 , sulphurous acid. 

224. Sulphites of the alkali metals are soluble in water; 
all others are insoluble and, except Cr, are precipitated by 
SO,", the sulphite ion. The precipitates are soluble in 
acids, SO2 going off as gas. Soluble sulphites are decom- 
posed similarly by acid: Na^SO, + 2HC1 = 2NaCl + SO^ + 
H^O. 

Sulphites are identified after preciijitation, conveniently 
with BaClj, by dissolving in HCl (separation from BaS04) 
and identifying the SO2 gas liberated on heating by its odor, 
by passing into HJOg, or by oxidation to sulphate with CI: 
2HIOs + 5SO2 + 411,0 = I2 + 5H2SO4 ; and with excess of 
SO,: I2 + SO2 + 2H2O = 2HI + H2SO4. SimUarly: 
SO, + CI2 + 2H2O = 2HC1 + H2SO4 . The SO/' is iden- 
tified by precipitation as BaS04 , insoluble in HCl . 

225. Sulphites are active reducing agents, becoming sul- 
phates : HjSOa + = H2SO4 . In this way sulphites (SO3") 
reduce Fe*'- to Fe** , H3ASO4 to HgAsOg , JLg" to Hg' and 
then free Hg, Ag* to free Ag, IO3' to free iodine, and froo 
iodme to I' . 

With E2S sulphur is precipitated from both acids : 2H2S -p 
SO2 = 3S + 2H2O . 

Sulphuric Acid and Sulphates. 

226. Nordhausen or fuming sulphuric acid is made by dis- 
solving SO3 in H2SO4; it deposits crystalline HjSjOy (pyro- 
sulphuric acid), known as solid sulphuric acid. 

Pure sulphuric acid is an oily liquid (oil of vitriol) of 
sp. gr. 1.84. It unites greedily with water, taking it up 
from the air or other gases, even charring organic bodies by 
taking from them the elements of water, leaving carbon. 
As in the case of other acids, in the pure state it is not dis- 
sociated and has no acid properties. Dissolved in water it 
is a fairly strong acid, not so active, however, as the mono- 
basic HNO3 , nCl , HCIO3 , etc. Like other polybasic acids. 
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H^SO^ dissociates primarily into H' and HSO^'; the eec- 
oiidary dissociation into H" und SO," is much leas entenaiYe. 

227. The SO, ioii, contained in solution of sulphuric acid 
and its salts, precipitates Pb"' , Ba^ " , Sf , and in concen- 
trated solution Ca-' and Hg' , forming in each case the 
normal sulpliale, white. Ag^SO, is sparingly soluble) others 
dissolve readily. SO," is identified by its precipitation as 
BaSO^ , insolublt' in dilute HCl . 

H^yO^ is ouu of the least volatile of the acids, and ao can 
replace most other acids from their salts. On addition of 
HjSOj to Kat.'l , for instance, equilibrium sets in between 
Niil_'[, Na„S(). . HCl and H,SO,. On heating, the moat 
vnialilo siilishiiicc, HCl, is driven off, and in order to restore 
I'ijinlJhriuiii iiii)i-o is formed. The process repeats itself until 
only N^uSO, ;iiul H,S(), roriiain. This takes place- in spite 
of the iiiiii tiiat HCl is a stronger aeid than H,SO, . Simi- 
larly phosphoric or silicic acid, less volatile than H^SO, , will 
at hif^h tt'ni|iurnfur<'s displace the latter from its salts. 

228. The SO." of sulphuric acid and sulphates may act as 
an oxidizer, undergoin- reduclioii to llic sulphite (SO/') or 
even the suljihidc ion (S"). Concetilrated II.SO. heated 
with metals, as Cu orHg, or with charcoal selves olf SOj . 

229. Sulphates fused on charcoal with Na.,COj form sul- 
phides, hlack-ening a silver coin (A^i-.S) !>roUf;iit into contact 
with the moistened mass. Insoluble sidphates fused with 
Na^COj alone give Na^SO, and an insoluble carbonate: 
UaSO, + Na^CO, = EaCO, + Na.SO^ . 

Fhosphorons . 

230. Phosphorus is in the ordinary unstable modification a 
white translucent solid, melting point 44°, oxidizing rapidly 
in air, the heat generated soon raising the temperature above 
the kindling-point, so that the substance is spontaneously 
inflammable in the air and must be kept under water. Ex- 
posed to light it slowly darkens, owing to the formation on 
the surface of small quantities of the more stable red modifi- 
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cation, which is not inflammable below 240** and not poison- 
ons. The element derives its name from its property of 
giving out light. 

Hypophosphorons and Phosphorous Acids and their Salts. 

231. Phosphorus treated with alkali or alkaline earth 
hydroxide solution gives the salt of an oxyacid (hypophos- 
phorons acid) and a hydrogen compound of phosphorus. The 
reaction is analogous to that of the halogens under similar 
circumstances, the hydrogen compound of halogen uniting 
with the base to form a salt : 3Ca(OH)2 + 8P + 6HjO = 
3CaH4(P0,)2 + 2PH3; 2Ca(OH)2 + 2C1, = Ca(C10)2 + 
CaClj, + 2H2O . 

Hypophosphorons acid is weak; dissociation takes place to 
a slight extent into H* and H2PO2', but goes no further, 
the second and third hydrogen not splitting off measurably. 
The only salts formed are accordingly of the type NaHaPOj . 

Hypophosphites are all soluble in water and cannot be 
formed by precipitation. 

232. Phosphorous acid, HjPOg , is weak also, breaking up 
but little into H* and HjPOg', and the latter ion still less 
into H' and HPO3'. It does not form salts in which all 
three hydrogen equivalents have been replaced by metal. The 
acid salts, as NajHPOa, have alkaline reaction in solution. 
The phosphites of the alkali metals are soluble, others in- 
soluble in water. 

233. Hypophosphites and phosphites are strong reducing 
agents, the former decoloring the permanganate ion imme- 
diately, the latter more slowly. Hg" is reduced first to Hg" 
and then to the free metal. 

234. Both acids and their salts are decomposed by heat 
with evolution of PHj , which takes fire owing to the pres- 
ence of other hydrides of phosphorus, which are spontane- 
ously inflammable. 
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Pbosphoric Acid and Flioflpliates. 

235. BfiTi('-i.';irili or bone-anil, obtained by heating bonce, is 
about 'M piT LLiu normal calcium phosphate and ie the chief 
eourct' of pli(>-|ihoruB compounds. Pyrophosphate of iron, 
UKfd in nin'diciiii', is ferric pyrophosphate, with ammoniiua 
citrate to it^ndi-r it aoluble. Giacial phoBphoric acid ie the 
raota-acid, n wux-like solid. 

Phosphorip iw'id (orthophoaphoric), H^PO,, is a crystailine 
solid, deli(|iio>(riit and going over readily to a syrupy mass. 
Heat "drivi-ti nil wnter, leaving pyro phosphoric acid; 2H,P04 
— 11^0 = H.IVO,, and this at higher temperatures bucomea 
metii|dK.^p)ioric acid: H.PiO, — H^O = SHPO^. The 
anhydridi.'. I'._.0^ , formed on burning phosphorus, is a white 
solid rfiiiiirkulilL' for the readiness with which it combinea 
with Wiitfr. 

Pbosphoiii' ;irid is of modium strength, ionized first into 
]I- iiiul IIJ'O/ iind tbi'n in much slighter degree into H* 
and HPO," , Tlie teiidoncy nf the second hydrogen to 
ionize in so slight that whi'n a dimctallic salt, as >J"a,HPO,, 
dissolves, the H' of the water is talten up to form non- 
dissociated IIjPO,'. Tbo OH' of the water must increase 
correspondingly, as the product of the two remains always 
constant, and the result is a solution of alkaline reaction — 
that is, the dimetallic salt suffers hydrolysis. This hj-dro- 
lysis is very much greater in the case of a soluble trimetallic 
phosphate. NaOH added to Na^HPO, solution does not 
form Xa .POj , i. e., the li cannot be separated from the acid 
radicn! to unite with OH' and form H,0: the normal phos- 
phate may, however, he obtained from the solution in the 
solid state on evaporation, as this removes the water to which 
hydrolysis was due. 

236. Tlic orthophosphates, normal iiml dimetnllie, are in- 
sohdilr in water, except thope of the common alkalis. Most 
of them dissolve in 1T,P0, with formation of soluble dihy- 
drogcii phosjihates, such as CaII^(PO^)^ . The precipitates 
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are Boluble in the stronger acids, and all except those o£ 
Pe*** , Al* •• and Pb"* in acetic acid; Mg" in the presence o£ 
NH4OH forms MgNH^PO^ , crystalline, a very complete pre- 
cipitation; AgNO, gives with normal phosphate yellow 
Ag3P04, and the restdting solution is neutral in reaction. 
With acid phosphate (alkaline in reaction) the same pre- 
cipitate is formed and the solution takes on acid reaction: 
NajPO^ +.3AgN03 = AggPO^ + SNaNOg; Na-^HPO^ + 
SAgNOg = Ag^PO, + 2NaN03 + HNO3 . 

Metaphosphates precipitate Ag* as white gelatinous AgPOg; 
and pyrophosphates as white crystalline Ag4P207; meta- 
phosphoric acid is the only one of the three which precipi- 
tates albumen from its solution. HPO3 and H^PgO^ both 
go over slowly in solution into the ortho-acid. 

Precipitation takes place when a solution, necessarily acid, 
containing the radical PO4 and non-alkali bases, is neutral- 
ized. 'For example, alkaline earth phosphate dissolved in acid 
is thrown out of solution with Iron Group metals by NH^OH . 
For separation see §132^. 

Ammonium molybdatey (1^4)211004 , in its nitric acid solu- 
tion, precipitates phosphoric acid as canary-yellow ammonium 
phosphomolybdate, forming more i»pidly on warming. 
Boiling must be avoided as it precipitates tram the reagent 
molybdic acid, white. The reagent must be in exccML For 
traces set aside several hours. 

Boric Acid and Borates. 

237. Borax, " biborate '^ of sodium, is sodium pyroborate, 
Na2B4O7,10H2O . 

The anhydride of boric acid, B2O3, forms with varying 
amounts of water a series of acids similar to those of phos- 
phorus. Orthoboric acid, H3BO3 , on heating becomes first 
metaboric, HBOj, and then pyroboric, H2B4O7: H3BO3 — • 
H2O = HBOo; 4HBO2 — H2O = H2B4O7 . These acids 
are all weak and but little dissociated; boric acid is 0.013 
per cent dissociated in N/10 solution. Their salts are 
alkaline in water. 
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238. The nnn-alkali borates arc insoluble in water and 
hi'iue alkiili bymtes precipitate salts of most non-alkali bases; 
Ag' is ]jr(.'(.iijiliil(.'d by Na.BjO, as silver borate; by normal 
horntes as Ag„U; with Pb" , and with Ba'" and Ca" not too 
diliitt', whitL' pri'cipitatos of norma! borates are obtained; 
with Al'--, Al(OH)g. 

Borates give a characteristic green flame on moistening in 
an evaporating dish with UiSO, , adding alcohol, warming, 
ami then st-tling fire to the alcohol. Or if a dry powdered 
borate is moistened with HiSO^, heated in the loop of 
platinum wire to expel the acid and then moistened with 
glycerine the glycerine will bum with green flame. Copper 
must be removed before making these tests. 

Paper eolnni] yellow with tnmieric, an organic coloring 
agent, isi oluingi'ii to rediiish brown liv dipping into solution 
of H,BO., «r of a borate faintly acidulated with HCI , and 
drying. 

239. B.>rii1i's in the inner blowpipe flame give tha green 
color to the outer (latne. 

Silicic Acid and Silicates. 

240. The anhydride of silicic acid, SiO^, silica, is ncariy 
pure in rock crystal and is the substance of quartz, agate, 
chalcedony, flint and sand, and enters into the composition 
of a great number of minerals, the silicates. Glas.s contains 
silicates of Ca , \a, Pb, K, etc., and silica; porcelain is 
made from fine chiy, a silicate of ahuninum; soluble glass, 
water-glass, is sodium or potassium silicate; carborundum is 
SiC. 

Silica is the anhydride of a number of very weak acids, 
II,SiO, , IJ.SiOa and others. These acids form colloid eolu- 
tinns from which they are prceipitaled more or less com- 
pletely in gelatinous form on addition of non-alkalino electro- 
lytes (salts or acids); this precipitation takes place on addi- 
tion of XII.CI for the Iron Oroup. 

241. Silicates of the alkali metals are soluble, others in- 
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soluble. The soluble compounds arc formed from insoluble 
silicates or silica: (1) by long fusion in a crucible with a 
mixture of sodium and potassium carbonates, the mii^ture, 
as in the case of all mixtures or impure substances, melting 
at a lower temperature than the single pure substance; or 
(2) by boiling with solution of fixed alkali hydroxide in a 
bright iron or silver dish. The mass after fusion or the 
solution in alkali hydroxide is treated with HGl in excess 
(that is, to acid reaction), the silicic acid dissolving as a 
colloid. The bases of the original silicates will in most 
cases also dissolve as chlorides. To test for silica this acid 
solution, filtered if necessary, is evaporated and dried at 
lOO-llO*" C. The dried mass is treated with HCl . A resi^ 
due not dissolving in the acid, gritty under the glass rod, is 
silica. 

Silica and silicates are attacked by EF , with formation of 
volatile SiF^ . This passed into water is decomposed into 
gelatinous silicic acid and hydrosilicofluoric acid: SSiF^ -f" 
3HaO = HjSiO, + 2H2SiFe . 

242. In the fused bead of miorooosmio salt silica swims 
undissolved. The base of a silicate dissolves, leaving the 
skeleton of silica. 
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Examination for the Anions of Volatile Acids. 

243. Tii a ijiilu of the solid sulj^tance or residue by evapo- 

liUitiii ;iild i-ruRfiitrated HjriO^ and heat gently. 

A colorless odorleu gaa, giving a white [ireeipitate oil paas- 

iii^' inin l.'ii(On). solution, ia CO,, from oarbon&tes. Solu- 

tJiiLi.-^ Ill' (■•■irliniiiiies precipitate all bases except tlie alkalia. 

Oxalates wiili roncentrated HjSO, , not with dilute, elowly 

fvulve CO,: UXA = H,0 + CO, + CO. 

A colorless ^aa having odor and bleaching or reddening 

moist litinut!-|pa|"'r may be: 

H;S, froTii sulphides, Gaa blackens paper wet with lead 
acetati'. Sulphidea precipitate the kathions of the first 
four f;ri>[i|i>. 

SO,, frnrn sulphites. Odor of burning sulphur. Litravia- 
pnpLT i.x bleached. Gas liberates iodine from iodic acid. 
Siil|)hito.« precipitate all kathions e.\eept the alkali- 
nietiils. SO. is also given off by tliios^iilp hates, with 
sepanilioii nf ?ul])hur. Ca"' is not precipitated by thio- 
suiiiliuics (distinction from sulphites), 

ECN, from cyanides. Poisonous. Has peach-blossom odor. 
Preui])italcs A.irXOj solution on a glass rod, precipitate 
insoluble in HN'Oa, decomposed by strong HCl with 
evoluliiiu of HCX. Changed to sulphocyanate, gives 
blood-red with Kc", For production of HCN from 



rerro<vanid<.s. sec S2 

HC„H.,0„ . from acetates. 

Witii Fe--- red solul 

l.Ie in water. 

HCl . from chlorides. Slii 

wjien inhaled. Free 

rod. the prefi]iilate 

fates Silver Croup k; 

A colored i;ns iiiiiy he: 

HI and I. from iodides. 



Vir 



rodoi 



Acetic ether test, 
etates are all eolu- 



rvesccncc. Gas is irritating 

AgN()„ solution on glass 

■Je in HNO, . CI' procipi- 



■esimibling that of chlorine. 



Violet color due to the free iodine. Test in dilute solu- 
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tion with chlorine-water (§186). I' precipitates Silver- 
Group kathions, Hg" , Cu" (as Cu*) and Cu* . 

HBr with Br , from bromides. Slight yellowish-brown color, 
due to small quantity of free bromine. Odor acrid and 
chlorine-like. Test solution with chlorine-water. Sil- 
ver Group kathions and oxy-salts of Hg" are precipi- 
tated by Br' . 

HO,, nitrogen peroxide, brownish-red color, characteristic 
odor. Formed by action of air on NO , which is liber- 
ated from nitrites on treatment with acids, and from 
nitrites or nitrates on heating to sufficiently high tem- 
perature. 

CIO, , from chlorates. Greenish-yellow. Chlorine-like odor. 
Crackling or explosion. Litmus bleached. No precipi- 
tates. See §178. 

CI,, from hypochlorites. Original material in solution 
bleaches litmus. See §175. 
A gas which is not perceptible except by its irritating 

properties may be : 

HNOs, from nitrates. Brown-ring test, etc. (§193). No 
precipitates. 
, from fluorides. Etching test (§168). 



Examination for Anions (Badioals) of Hon-Volatile Acids. 

244. For SiOg'' (silicic acid) : Fuse with alkali carboiir 
ates, acidulate, evaporate dry, take up with acidulated water 
(§241). Bead test (§242). 

For BO3" (boric acid) : Flame test (§237). 

For Fe(CN)e"" (hydroferrocyanic acid) : In solution test 
with Fe" . If insoluble in water digest with KOH, filter 
and test filtrate. 

For Fe(Clir)e'" (hydroferricyanic acid) : Test solution 
with Fe* • . If not soluble in water treat with NaOH and 
test filtrate. 

For CNS' (snlphocyanic acid) : Test with Fe • • • (§205). 
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For the Ions SO/' , CjO^" , PO,'" of Sulphates, Oxalates and 
Fhosphatei. 

245. Atiilih Ihf solution Blightly with HCl, boil to drive 
tiir CO,, so,. i'U:., and add BaCl,. A white precipitat« is 
BflSO. I fir BaSiF„l. 

l^iliT, :uU\ (\iri, and NH^OH to alkaline reaclion, Pre- 
(i|>j|iiU'; CaCO,. Ca,(PO.); (also borate, silicate, fluoride, 
chromate, arsenate, iodate, ferrocyanide, molybdate of barinra 
unil calcium). 



Filter; rejc 


t filtrate; trea 


precipitate with acetic acid. 


ReBiilne,Car,0, 


wbite. DlsBoive 


Solntton, H,PO.. Ci»(C,H.O,V 


iQ dilute HNO 


ttdd dilute 




KHnO, aolulh 


n, pasigMlibor- 


n-irm Bllelitly; jellow precipi- 


•tedinto CalO 


H). BoBnttoa, A 


tate, >nimoiilDin pho«pha- 


white [irecipltat 


(CftOO.HBevl- 


molybdatc. AsO.'" Bl»e« ■ 


Jenteoftlii-preH 


eQceotoialate. 


Tory almilar precipitate, and 
fflnat ba removed by H,B, boii- 
Inc off eicpsB, befnre tha tcsla 






iTi tliiatflbluHre made. 
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Tn the Ions CI' , Br' , r ^ etc., of Chlorides, Bromides, Iodides 
and other Salts forming Insoluble Silver Compounds. 

246. Add to the solution AgNOg. In neutral solution 
most anions will be precipitated, as but few silver salts are 
soluble. Digest with hot dilute HNOg . Filter and wash. 

Residue: Agl, AgBr, AgCl, AgCN, AgCNS, Ag^CrO^,* 

AglO^ .* 

Treat with warm HH^OH on the filter. 



Beaidne : Agl and some Ai^Br. 
Test original solution for V and 



Filtrate : Soluble chloride, 
bromide, cyanide, sulplio- 
cyanate, [ctiromaie, iodatel 
of complex silver-ammoniain 
kathions. 

Add HNOs to slight acid reaction* 

Precipitate : A^ Kr, A^CI, 
AgCS, AgCSS lAs,CrO«, 
AiflO,). 

For chloride in presence of 
bromide apply chloro- 
chronilc test ($172) to original 
substance; in presence of ON^ or 
CNS^ boil precipitate with con- 
centrated H,804. AffCN and 
AgCNS decompose and dissolve; 
AgCl is unaffected. 



847. The presence of a certain kathion in neutral solution 
excludes the presence of those anions with which it forms 
salts insoluble in water; Ag* , for instance, excludes CI', 
Br', r, etc. It is well to test for the kathions first; the 
result shows what anions need not be tested for. Certain 
kathions interfere with tests for anions. Silver Group kath- 
ions, for instance, give, when the test for SO4" is made, a 
white precipitate with BaClj but little soluble in HCl and 
likely to be mistaken for BaS04 . Under such circumstances 
another reagent must be used, here Ba(N03)2, or the in- 
terfering kathions must be removed, in this case by HCl or 
HjS . Kathions should not be removed before testing for 



* The chromate and iodate are soluble in much HNO^ 



FiiisT Book of Qt 



anions unless it is necessary. Thia must be determined in 
<-ach case by a careful consideration of the ctliKit of tin- 
reagent to be used on the kathion known to be present. 

Bead-Tests. 

248. TJie loop of plutinimi wire, red hot, is dipped 
into powdered uiicrocosmic salt,* NaNH,HPO, , or borax, 
NanBjO, , wliich is then fused to a clear bead. The hot 
bt'ud is brouftlit into contact with a very little of the sub- 
ttauce under cxumination {in powder) and'fused again until 
clear, first in tlir outer, oxidizing Bunsen or blowpipe flame, 
then iu tile iiDier or reducing flame. A suitable reducing 
(liimo is obluiiifd with the Bunaen burner by ehutting off 
Iho air supply iiufil a amall luminous spot appears within the 
Maine; the Hubstaiice is heated in this. Certain metallic 
oxides di.ssolve in these beads with characteristic colors, for 
the most iiart the same whclher borax or mierocosmic salt 



be used. Silica rem 


ains inidissolvod in the mierocosmic salt 


bead but dissolves ii 


1 the liiinix bead. 


Iron gives a yelln' 


IV to liriiwn or red bead in ihe o.i;idizing 


dame, green in the 


redufing llanie. 


Copper, green win 


pii liot, blue when cold, in the oxidizing 


flame; red {opiiijue i 


vlieii in excess) in the reducing flame. 


Chromium is gree 


n in oxidizing or reducing flame. 


Cobalt is blue in o 


xidizing or reducing flame. 



Nickel is rod in oxidizing flame; 
Manganese is violet or amethysl 
ess in reducing flame. 



mixed with cobalt viotct. 
in oxidizing flame, color- 



Treatment of Solids. 

249. To di^isolve a solid it is reduced to a powder and, 
first, boiled with about ten times ils bulk of water. Should 
a residue (a) remain it is allowed to subside and the clear 



X) used. NhNH«HPU, 
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liquid poured off or separated by filtration. The action of 
this liquid on indicators is noted and it is tested for the 
kathions and anions. A drop or two evaporated on platinum 
foil shows to what extent the solid has dissolved. The resi- 
due (a) is exhausted and washed with hot water. 

2. Take a small portion of residue (a) and treat with 
HCl; if it does not dissolve take another small portion and 
treat with HNOg . The entire residue is treated with that 
acid which dissolves it more readily. Any gas given off 
should be identified. The mixture is evaporated almost dry, 
taken up with hot water, and any insoluble resiaue (b) filtered 
out. 

A residue insoluble in strong acid (BaClj , Pb(N08)2 , etc.) 
may dissolve in water, and on the other hand water may 
cause precipitation of substances held in solution by strong 
acid. If the acid solution, clear originally, becomes turbid 
on evaporating and taking up with water it may have con- 
tained AgCl (soluble in HCl), insoluble sulphates, silica, or 
salts of Cu' , Bi , Sb , Sn or Hg . If the turbidity, as is per- 
haps usually the case, is due to metals of the Tin and Copper 
Group only, filtration is unnecessary and the HaS may be 
passed directly into the turbid solution. 

Peroxides, as MnOj or PbOj , dissolve in HCl with libera- 
tion of chlorine; they dissolve in HNO3 only if a reducing 
agent, as pure HjOj , or alcohol, or a small crystal of H2C2O4 
is added. 

The separation of sulphur on treatment with HNOj in- 
dicates a sulphide (or thiosulphate) ; NO gas, changing to 
brown NOg , indicates oxidation of a metal or other substance. 

3. The residue (b) is washed and treated either with HNOj 
or HCl , the acid not used for the previous solution. The 
solution so obtained is treated precisely as the foregoing. 

4. If a residue still remains it is washed and treated with 
nitrohydrochloric acid and the solution evaporated and ex- 
amined as before. 

5. Should the substance prove insoluble in acids it is likely 
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to be yri iii.-i. 
fliioridu, an •». 
and it musi iu- 
times its wviy 
K,CO,. Tilt; 
..f the insolul 
unti the rcsii: 



lilf c<ulphatL', diioridv, liromide, MHcate or 
f of tin or antimony, or sulphur or carbon; 
lilted to ijuiet fusion in a cnicible with four 
')f a mixture iif e<)iial jiarts Nu,COj Bnil 
i.-i:d miu» i» cxtrm-tpd with water; the anion 
I substance will be found in the Mrtlution, 
:■, soluble in acid, contains the kathion: 



BiiSO. -f Na.fO, = Ba{:0, + Na,SO.. 

(Ixidi's iif jtiiiiniony and tin are better diHSolved after 
fueion with three times their weight of alkali carbonates and 
the same quantity of sulphur. Sulpho-saltx form, soluble in 
water. 

Alkali mL't^li^ are detected in insoluble EilicatcH by heating 
to bright red for almost an hour with an equal weight of 
NH^CI and ei;Tht times the quantity of CaCO, . The mass 
is taken up with water, filtered, and after completely remoT- 
ing Ca" with (NHJjCOj the filtrate is examined in the 
usual way for the alkali metale. 
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Solubilities — continued. 



Ammoninm platlnichloride 2 

Arsenons oxide 8 

Bariam iodate 2 

Bariam silicoflaoride 2 

Calci am sulphite 2 

Coproas bromide 1 

Cuprons chloride 2 

Cuproos iodide 1 

Lithium carbonate 2 

Lithium phosphate 2 

Potassium bitartrate 2 



Potassium bromate .8 

Potassium dichromate 8 

Potassium iodate 8 

Potassium perchlorate 8 

Potassium permanganate 8 

Potassium platlnichloride 2 

Silver chlorate 3 

Sodium bicarbonate 8 

Sodium iodate 3 

Sodium pyroborate 8 



Key to Table of Solubilities. 

1. Insoluble in water. Substances so designated dissolve 
as a rule to less than 0.100 gram in one liter of water. 

2. Slightly soluble; usually from 0.100 gram to 10 grams 
per liter. 

3. Moderately soluble; from 10 to about 100 grams per 
liter. 

4. Freely soluble; above 100 grams per liter. 

h. Hydrolyzed and not dissolved by water alone^ but solu- 
ble in acidulated water. 
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£82. Siagints. 
Adds. 

ConceDtrateH sulphuric acid, U2SO4 , nearly or quite a 
lute (i. e., tree from ffftter), ep. gr. 1.84. 

Dilute sulpliuric acid, 5N, 345 grams per liter, ap. gr. 1.153. 
Add 1 volumt; of acid, gradually aud with stirring, to about 
BBven volumes of water. 

Acetic acid, H(.,'jH,Oj , 5N, 3(JU grams per liter, sp. gr. 1.04. 

Hydrochloric acid, HUl, 5N, 182 grame per liter, ap. gr, 
1.084. Three volumefi water to two Tolumes HCl ap. gr. 
1.20. 

Hydrosulphuric acid, H^S. Saturated water sidutaoa, 
about N/G. Applied better for most purposee as the gas, 
generated by action of dilute sulphuric acid on ferrous aul- 

Nitric acid, UNO,, 5N. 315 grama per liter, sp. gr. 1.165. 
225 ec. wjiter to 100 cc. HNO, sp. gr. 1.42. 

Nitrohydrot'hioric acid. A mixture, made when wanted, 
of three volumes reagent hydrochloric to one volume reagent 
nitric. The nitric acid liberates chlorine from the hydro- 
chloric and the mi.iiture owes its efficacy to the fact that it 
combines oxidizing power with the ability to form such 
stable compounds ai' chloride?. 

Bases. 

Amninniuiti iiydroNiilc, Nil, OH, oN, 85 grams NH, per 
liter, sp. gr. 0.9(i4. Two volumes water to one volume 
NH,()II sp. gr. 0.90. 

Calcium hydroxide, Ca(OII)^ , saturated water solution. 
about N/30. 

Potassium hydroxide, KOH, 5N. 312 grams per liter of 
the solid containing about !)0 per cent KOH . 

Sodium hydroxide, NaOH , SN, 220 grams per liter of the 
solid containing about 90 per cent NaOH . 
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Salts. 



Ammonium carbonate, (NH4)2C0, , 5N, 240 grams 
per liter. Dissolve one part of the crystallized salt, 
NH^HCOajNH^COaNHj ,, in 4 parts water and one part 
reagent NH4OH . 

Anmioninm chloride, NH4CI, 3N, 160 grams per liter. 

•Ammonium molybdate. The solution contains molybdic 
acid^ about §N, ammonium nitrate and nitric acid. It is made 
by dissolving 100 grams MoO, in 260 cc. NH4OH sp. gr. 
0.90 and 250 cc. water, and slowly pouring this, stirring, into 
a mixture of 750 cc. HNOj sp. gr. 1.42 and 750 cc. water. 

Ammonium oxalate, (NH4)2C204,2H20 , N/2, 40 grams 
per liter. 

Ammonium sulphide, colorless, (NH4)2S. Saturate am- 
monium hydroxide solution with H2S , forming NH4HS , and 
add an equal volume of the ammonium hydroxide solution. 

Ammonium sulphide, yellow, (NH4)2Sx, is made from the 
above by dissolving sulphur in it. 

Barium chloride, BaCl2,2H20 , N/2, 61 grams per liter. 

Calcium chloride, CaClgjeHgO , N/2, 55 grams per liter. 

Calcium sulphate, CaS04,2H20 , saturated water solution, 
about N/43. 

Ferric chloride, FeClj , N/2, 27 grams per liter. 

Ferrous sulphate, FeS04,7H20 , N/2, 80 grams per liter. 
Add a few drops of H2SO4 to dissolve basic ferric salt. 

Lead acetate, Pb(C2H302)2,3H20 , N/2, 95 grams per liter. 

Magnesia mixture (Mg about 4/3N), MgSO^ , 100 grams, 
NH4CI 200 grams, NH4OH 400 cc, H2O 800 cc. 

Mercuric chloride, HgCl2 , N/2, 68 grams per liter. 

Potassium chlorate (free from chloride), KCIO, , saturated 
water solution, about N/2. 

Potassium cyanide, KCN , N/2, 33 grams per liter. 

Potassium dichromate, K2Cr207, N/4, 38 grams per liter. 

Potassium ferricyanide, K8Fe(CN)e, N/2, 55 grams per 
liter. 
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Potasduiii 1 .1 rotyenide, K«Fe(CN)„3H,0 , N/2, fi3 grama 
per liter. 

I'dtaaiiiurii unhili;, KIO,, N/2 (as to oxidiKUig capacity), 18 
gi'anit: per lit it. 

l'ntHti,-iurii j'uliile, KI , N/2, 83 grams per liler. 

Potassium iin.'iiuri-iodide, KjHgl,, Nessler'a reagent: Heat 
35 grams KI ;iml 13 grams HgC'l, with 800 cc, water, etirring 
until a clear snluiion results. Add drop by drop a eaturated 
solution oT Hl'C!; until a slight permanent precipitate is 
obtiiined. ]<■'! L:riims KOH or 120 grams XaOH are now 
adtied, the wlml. ilihited to a liter, a little more HgClg boIq- 
tion added, iiiiJ I lie liquid allowed to Bettle (Frescnius). 

Potasshirii -iiljihocyanate, KCNS, N/2, 49 grama per liter. 

Potaspiinn ^itljihate, KjSO,, N/3, 44 grams per liter. 

Silver nitnilv, AgXO, . N/4, 43 grams per liter. 

Sodium (.-arbiuKite, NajCO^, , 3N, 15!) prams per liter. 

Sodium hydrown pho,;ph;ile, \iTj{P0,.r21L0 , N/2, CO 
grams iHT liliT. 

Stannous rhiorid.-. Snt'l.„V'lI/) . \/3, *)(i ^rauis per lilor. 
IICl must lie iidded to prevent jirocipitalion. 

A half-normal solution of at least one Halt of each of the 
common metals should also he prepared and kept accessible 
for use in ohtaininp the reactions of kalhions and anions as 
known suhstauces, and for piir|ioses of comparison. 

Hiscellaneons. 

Alcohol, C,,H ,,01i , I'll. gr. 0.H15. ahout !>:. per eent. 

Carlwn diiiulphide. CS^, colorless. 

Diphenylaminc: Dissoivo in eoneentriUod IKSO^. 

Hydrogen peroxide, 3 ]ier eent solution. 

Indigo solution; Dissolve imc ]iiirt of finely pulverized 
indigo in small portions in five parts fumiusr H^SO, , cooling 
and stirring. 1/4 stand 48 hours, pour into 20 parts water 
and filter (Frosenius). 

Nitroso-,?-niiphthol: Dissolve in '>0 per eent acetic acid. 
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Summary of Precipitations. 

alkali carbonates (the CO, ion in large concentration) 
precipitate the kathions of all other metals (not As* ' '). The 
precipitate is an oxide with Sb*" , a hydroxide with Sn" , 
Al'", Cr*" and Fe*** ; with antimonic compounds it is 
antimonic acid, H3Sb04, with stannic compounds stannic 
acid, HjSnOa, and in other cases a normal or basic car- 
bonate, except for HgClj , which forms an oxychloride. 

Metallic oxides and hydroxides are insoluble, except those 
of the alkali-metals; those of Ba, Sr and Ca are slightly 
soluble. Fixed alkali hydroxides (the OH ion in large con- 
centration) precipitate the kathions of the common metals 
(not As*"). The precipitate is a hydroxide, except that 
Ag* , Sb"* , Hg* and Hg** form the oxides, antimonic com- 
poimds form antimonic acid, n3Sb04, and stannic com- 
pounds form stannic acid, HjSnOg . The precipitate redis- 
solves in excess of the reagent in the cases of Pb , Sn , Sb , 
Cr, Al and Zn; Cr(0H)3 is reprecipitated on boiling the 
alkaline solution. 

Ammonium hydroxide solution (the OH ion in slight con- 
centration) precipitates kathions of the first four analytical 
groups (not As * * •) ; Fe * • , Mn * * and Mg • • are precipitated 
but partially or not at all in the presence of ammonium salts 
(the ion NH^*). The precipitate is a hydroxide except with 
Ag' and Sb"*, which form the oxides, with Pb", which 
forms a basic salt, with Hg" , which forms mercuric am- 
monium compounds, and with Hg* , which forms mercuric 
ammonium compounds and free Hg . The .precipitate redis- 
solves in excess of the reagent in the cases of Ag , Cu , Cd , 
Co , Ni and Zn . 

The sulphides of the kathions of the first four group? are 
insoluble in water, those of the first two groups insoluble 
also in dilute acid. HgS (the S ion in slight concentration) 
precipitates in the presence of dilute acid the kathions of 
the first two groups as sulphides. It reduces Fe" * , CrgOy" , 
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MnOj' (lliL* I'l'iiii.', dichromate and pcrmaiigamitc ions), etc., 
with preciiiiliilion of sulphur only. 

Soluble salphidei, or Il^S in alkaline eolulion (the S ion in 
eon si d crab 1 1' iducentration) prtcipitate the kathions of the 
first four groups as Bulphidea, except Al"" and Cr"' , which 
are pn^cipilatcd as hydroxides, and Fc*"' , which forma FcS 
and S . 

Solution of salplmrio mmi or a nilph&te (the ion 80^') 
precipitates I'b- , Ba"' , Sn" . and from concentrated solu- 
tion Hg- , Ajr- and Ca" . all as the sulphates, 

Solution iiT hydrochloric acid or a chloride (the ion Ct') 
precipitates As;' , Hg" and Pb"- ts the chlorides, Ph" incotn- 
pletely. Hydrobromio acid and bromtdea (the ion Br*) pre- 
cipitate IhL' liniitiides in the same cases. 

SnhitioTi of hydriodic acid or nn iodide (the ion I') precipi- 
tates Ag- , Hg , Pb-* , Hg" and Cu' as the iodides, Cu" as 
Cul with liberation of iodine. Fe"* becomes Fe" and 
HjAsO^ becomes H^AsOj , with liberation of iodine. 



Atomic Weights 



Atomic Weigtatt.* 



AlaminaDi, Al 96.9 

AntlmoQ;, 8b 110.9 

ArgOD, Ar 40. ? 

Anenlc, A*. 74.45 

Bkrlnm, Bl 1S6.4 

Berylllnin, Be. See GladnDm. 

Blimuth, Bl 20fl.5 

BoroD, B T0.9 

Bromine, Br 79. 34 

Cmdmlnni, Cd 111.55 

CMiiam, Ca 181.9 

Ctlclam, C» 39.8 

CarboD, C 11.9 

CerlQin, Ce 188.0 

Chlorloe, CI 85.18 

Cbrominm, Cr 51.7 

Cobalt. Co. 68.56 

Colnmblnm, Cb 93.0 

Copper, Co 6S.1 

Brbtnm, Er 1M.7 

Flnorlne, F 18.9 

OadotiQium, Gd 165.8 

OalUam, G» B9.S 

Qennaalam, Ge 71.9 

aisciDom, Gl 9.0 

Gold, Aa I9B.7 

Helinm, He 4. f 

HydroKen, H 1.000 

Indinm, In 118.1 

Iodine, 1 139,89 

Iridlnm, Ir Ifll.7 

Iron.Fe... 95.5 

Krrpton,Kr 69.? 

LantUanani, La 1ST.6 

Lead, Pb 209.86 

Lithium, Ll B.9T 

Uagnesinm, Mg 24.1 

Hanganese, Mu. ... 64.6 

Mercory, Hg 198.50 

• P. W. Clarke, Joar. Am. Cbom. Sdc., 1901, S). 
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75.0 
187.40 



1S.0 
1S9.0 
86.46 



es.6 

166.6 

19.06 

157.0 

70.0 

72.6 

9.1 

1BT.8 

4.T 

1.008 

1110 

126 85 

IBS.l 

S5.9 

59. » 

ISB.e 

306.93 

7.03 

24.3 
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^cunuiiiia, Sr 13. B 44.1 

8eli:iiium, 8c 78.0 79.3 

SJIver, Ak 107.11 107.93 

Sodium, Ka 22. S8 33.05 

Strontium. Sr K0.95 87.60 

Snlpbur, 3 31.83 32.07 

Tautiilum, Tb ISI.5 183.8 

TelJurium, Te 126.5 137.5 1 

Terbiiira, Tr 1.^>S.8 160. 

Tliallliim, Tl 202.61 204.15 

Tlmrluni, Tb 2;!0,8 233.6 

ThulhKU, Tm 169.4 170.7 

Tin, 8n IIS.I IIB.O 

TitHiihiin, Ti 47.8 4S.15 

Tmmston, W 1S3.6 184, 

Uranium, U 237.8 339,6 

Vanadium, V 51.0 51.4 

Xenon, X • f 

Ytterbium, Yb 171.9 173.3 

Yttrium, Y 88.3 89.0 

Ziim, Zn 64.9 65.4 

Zirconium, Zr 89,7 90.4 
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